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SCIENCE “SCOPE* 


Vital to the defense of coalition forces in Operation Desert Storm were two Hughes Aircraft 
Company missiles, the Maverick and the TOW. The U.S. Air Force fired approximately 

100 Maverick missiles per day, while Saudi forces relied heavily on TOW missiles to clear Khafiji 
of invading Iraqi troops, destroying 46 armored vehicles. TOWs were also fired from Marine 
Corps Cobra helicopters during the Khafji battle, helping destroy 20 T-55 Iraqi tanks and armored 
personnel carriers. The Mavericks and TOWs were two of 55 different Hughes systems deployed 
to the Persian Gulf during Operation Desert Storm. 


The U.S. Army may soon have improved nighttime visibility and target detection capability, in 


battle and in bad weather, as a result of an infrared sensor array developed by Hughes. This second- 
generation focal plane array provides an infrared image with higher resolution and enhanced thermal 
sensitivity. It contains a detector chip bearing thousands of heat-sensitive detecting elements. 
Developed initially for the Army’s Headstart Project, these arrays will eventually be common units 
for military sensors in systems from Army tanks to rescue helicopters. 





PC boards and hybrids can now be electronically trimmed and configured, thanks to a new family 
of nonvolatile, serially programmable (NSP) integrated circuits developed by Hughes. These NSP 


circuits enable designers to electronically calibrate PC boards and hybrids with test stations and 
computers. This automated procedure is a tremendous advantage over mechanical methods, which 
are less reliable and often difficult to perform. Presently, the new Hughes NSP family consists of 
nine types of devices. They all feature low-power consumption and redundant circuit techniques to 
ensure reliable operation and long life. 


The most powerful, technologically advanced satellites ever built for commercial mobile 


communications will soon be serving North America. The satellites, built by Hughes and Canada’s 
Spar Aerospace Ltd., will each have the capacity to support 3,200 simultaneous mobile users on 

land or sea or in the air. The spacecraft will cover the entire United States and Canada, including 
Alaska, Hawaii, Puerto Rico, the Virgin Islands, and 200 miles of U.S. and Canadian coastal waters. 
In this joint effort, Hughes will provide the HS 601 satellite bus and Spar the communications payload. 


Hughes Environmental Systems, Inc. (HESI), needs environmental engineers, environmental planners, 
QA engineers, industrial hygienists, and managers at all levels. A subsidiary of Hughes Aircraft 
Company, HESI is rapidly becoming a full-service environmental management and remediation firm. 
We design and construct systems and implement programs in air quality/toxics, hazardous waste, 
wastewater treatment, and water supply. With a range of positions and facilities nationwide, we 
provide many challenging assignments and professional opportunities. If you’re creative, ambitious, 
and have a BS/MS/Ph.D. in Environmental Engineering or a related field, send your resume to: 

HESI, Employment Department., Bldg. A-20, MS 2E264, P.O. Box 10034, Manhattan Beach, 

CA 90266-8534. U.S. Citizenship may be required. Equal opportunity employer. 


For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 


© 1991 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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15 Power consumers 


in the dark 

By DONALD CHRISTIANSEN 

When a hurricane hit New York’s Long 
Island, the power utility had in place an 
efficient emergency power recovery plan, 
but no program to tell 380 000 blacked- 
out customers what was going on. 


APPLICATIONS 


16 Video compression expands 


By PENG H. ANG, PETER A. RUETZ, and 
DAVID AULD 


Video compression technology embodied 
in new standards plus a new class of IC 
chip sets is likely to unleash a variety of 


"___ Compression Labs Inc. 





video applications, including the 
conferencing system shown here. 





22 School for information 
networking 
By ALEX HILLS 


EDUCATION __. 


A master’s degree program in information 
networking at Carnegie Mellon University 
includes business and public policy, as 


well as technical subjects like 
telecommunications and computers. 
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24 Optical lithography 


BACK TO BASICS 


fends off X-rays 

By GARY E. FLORES and BRUCE KIRKPATRICK 
Ultraviolet lithography puts 0.5-micrometer 
lines on ICs in the factory, 0.35-~m lines in 


the laboratory. The huge investment in X-ray 
lithography for production can wait until 2000. 


28 Magnetism minus magnets 


By JOHN D. RYDER 


Though awareness of a relationship 
between electric charges and magnetic 
poles dates to the 17th century, it was 
Volta’s battery in the 18th century that led 
to demonstrations of the link. 
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COVEF: Video compression allows 
perfect reconstruction of an image—up to a 
point. Each quadrant of this cat’s face was 
made with a different compression ratio using 
Visionary boards from Rapid Technology Corp., 
Amherst, NY. In quadrant 4, at the highest 
video compression ratio (110:1), the 8-by-8- 
pixel blocks are obtrusive. But pixel blocks 
show barely, if at all, in 2 
(21:1) and 3 (80:1). 
Quadrant 1 has the 
original, uncompressed 
image. See p. 16. Photo: 
Irene Mohler; image 
processing: Joe Pittari. 





IEEE SPECTRUM (ISSN 0018-9235) is published monthly by The Institute of Electrical and Electronics Engineers, Inc. All rights re- 
served. © 1991 by The Institute of Electrical and Electronics Engineers, Inc., 345 East 47th St., New York, NY. 10017, U.S.A. Cable 
address: ITRIPLEE. Telex 236-411. Telecopier: 212-705-7453, ANNUAL SUBSCRIPTIONS. IEEE members: $10.00 included in dues. 
Nonmembers: $29.95. Libraries/institutions: $119. S/NGLE COPIES. Members: $8 first copy, $16 per additional copy. Nonmembers: 
$16. MICROFICHE SUBSCRIPTIONS. Members: $16. Nonmembers and libraries: $119, POSTMASTER: Please send address changes 
to IEEE Spectrum, clo Coding Department, IEEE Service Center, 445 Hoes Lane, Box 1331, Piscataway, N.J. 08855. Second Class post- 
age paid at New York, NY., and additional mailing offices. Canadian GST#125634188, Printed at 8649 Hacks Cross Rd., Olive Branch, 
Miss. 38654. /EEE Spectrum is a member of the Audit Bureau of Circulations, the Magazine Publishers of America, and the Society 


of National Association Publications, 








WHO HAS THE 
MOST COMPLETE 
IMAGE ANALYSIS 

SOFTWARE 
UNDER 
WINDOWS 3.0? 






















































































GLOBAL LAB® /mage performs automatic 
object counting and measurement, 
advanced morphology and filtering, 

image annotation, and is easily customized 

— all under Windows 3.0. 
To get the complete picture, call 
Data Translation, 100 Locke Drive, 
Marlboro, MA 01752-1192. 


FREE Handbook 
(508) 481-3700 
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THE LEADER IN DATA ACQUISITION 
AND IMAGE PROCESSING 
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Laplace and Fourier transforms 


I take issue with the article ‘‘Behind the 
Laplace transform’ by Paul J. Nahin [March, 
p. 60]. The most severe error is his state- 
ment that ‘‘the step function has a Laplace 
transform, but not a Fourier transform.” 
This is not true with the Fourier transform 
pair given by a number of authors—for ex- 
ample, by Papoulis in his book The Founer 
Integral and Its Applications, as U(t) = 7&(w) 
+ 1/jw where U(t) is the step function and 
6(w) is the Dirac delta function. 

Nahin also implies that the Fourier trans- 
form is less useful than the Laplace because 
of Laplace’s greater generality. But the Fou- 
rier also maps convolution to multiplication 
and division. And for most actual computa- 
tions of frequency-domain, steady-state re- 
sponse from transient time-domain data, the 
Fourier is preferred because of the existence 
of fast Fourier transforms (FFTs). 

Nahin indicates that Laplace (and by im- 
plication Fourier) transforms will “become 
one of those concepts learned in engineer- 
ing school but never used on the job’’ be- 
cause of the existence of canned computer 
analysis programs. Running a canned pro- 
gram without understanding the basis for the 
calculations is a procedure in which good en- 
gineers should not participate. 

Raymond Luebbers 
University Park, Pa. 


The author responds: 

Luebbers is correct in observing that the 
Fourier transform of a step exists if one ex- 
pands the idea of a function to include im- 
pulses. I meant that the Fourier transform 
integral itself fails to exist for a step. As to 
the merits of Fourier versus Laplace trans- 
forms, I fear Luebbers confused what I ‘‘im- 
plied’’ with what he inferred. 

As to his last point, I posed the issue as 
a question. It was intended as a purely rhe- 
torical device, to promote responses to a 
question professors are often asked these 
days by computer-smart students. I agree 
with Luebbers’ position. 

In response to queries about my book, 
Time Machines: Time Travel in Physics, Phi- 
losophy and Science Fiction will appear in 
1992, published by the American Institute 
of Physics, New York. 


Debatable grounding 


I would like to comment on the report 
“‘Electromagnetic fields’’ [August 1990, 
p. 31] in regard to grounding systems. 
The statement that in West Germany ‘‘the 
power neutral is not connected electrically 








to the other utility lines at each residence’’ 
seems not to be correct. Bonding the neu- 
tral to telephone, water, and gas piping sys- 
tems, as well as to further metallic parts of 
the building, is mandatory according to Ger- 
man standards (VDE 0100, 0190). 

It is difficult to conceive the Japanese sys- 


‘tem as described (‘‘a hybrid’’), since the 


neutral may be either bonded or not bond- 
ed, but not half-bonded. 

The question of whether the ‘‘neutral re- 
turn currents can [really] travel down all 
those utility lines’’ is a most important issue 
to be addressed by the ongoing EPRI re- 
search plan. Usually, ground return currents 
do follow the path of lower reactance in spite 
of a much lower dc resistance that adjacent 
grounding systems may offer. 

Celso Luiz P. Mendes 
Sao Paulo, Brazil 


According to Andreas Stamm of the Techni- 
cal University in Braunschweig, Germany, in 
rural areas where the TT-net wiring scheme 
is used, the power neutral is not connected to 
protective earth but is grounded separately. In 
urban areas using the TN-net, the power neu- 
tral is grounded to the protective earth. Water 
pipes are typically non-metallic (except in older 
residences) so they cannot carry neutral re- 
turn currents. Gas pipes are isolated at the 
service entrance. These features minimize un- 
balanced return currents. 

The description of Japan’s system as a “‘hy- 
brid’’ meant that some parts of the system use 
the U.S. scheme, while other parts use the Ger- 
man scheme. According to Seietsu Tomita of 
the Central Research Insitute of the Electric 
Power Industry in Japan, the power neutral 
is not grounded at the service entrance in 
Japan, causing all return currents to travel 
on the neutral conductor. According to 
Gregory Rauch, project manager in EPRI’s 
electrical systems division, many factors af- 
fect the paths along which power currents re- 
turnin U.S. systems. He believes that the prox- 
imity of conductors overrides the lower 
resistance of other grounding systems as a de- 
terminant of the return path only when ser- 
vice drop wires are very long.—Ed. 


Credit where it’s due 

The portraits of experts that appeared in 
“‘The challenge of post-Gulf conflicts,’’ Sep- 
tember, pp. 53-7, were drawn by Barry 
Ross, Northampton, Mass. 





Contact: Forum, /EEE Spectrum, 345 East 47th St., 
New York, NY. 10017, U.S.A.; fax, 212-705-7453. The 
computer bulletin board number is 2127057308 and 
the password is SPECTRUM; for more information, 
call 212-705-7305 and ask for the Author's Guide. 
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CA-SUPERPROJECT. 
WITH More EFFICIENT SCHEDULING ALGORITHMS, IT HELPS 
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Identical Proj Project Manager. 
Can You Spot The Difference? 


Efficiency. Accuracy. Dependability. ee 
Recuies skills for Arle manager. Butnot | CAsSupetProject tion dates you can bet your career on. It's 

ang 2s common as you'd think. In a recent ae also incredibly easy to use. You can create 

independent study of the five leading pro- = ™* = projects in minutes. 

ma ject managers—allschedulingthesame — And with a few clicks of the mouse, you'll have pre- 


project—the completion dates varied by as _ sa al sentation quality Gantt, PERT, Cost/Resource and 
| : 


ment of resources and gives you comple- 


cas computing much as five months. Work Breakdown charts. 

meses.  CA-SuperProject® finished first in 214 So call 1-800-645-3003 today to find out the location 
working days. Microsoft® Project finished last in 323 of your nearest dealer. Because é 
working days. once you've worked with the most- OMPUTER 


That's why serious project managers trust CA-SuperProject. efficient project manager, the difference SSOCIATES 
It offers more efficient scheduling algorithms, better manage-_ will be obvious. Software superior by design. 


© 1991 Computer Associates International, Inc., 711 Stewart Avenue, Garden City, NY 11530-4787. All trade names referenced are the trademarks or registered trademarks of their respective companies. 
* March 1991 study published by 1Soft Decision, Inc., including CA-SuperProject 2.0, Microsoft Project For Windows, Symantec's Timeline 4.0, ABT Project Workbench and Scitor’s Project Scheduler-5. 
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ORTRAN 


“FTN77/386 is simply the best 

FORTRAN compiler on any platform, 
anywhere - and believe me, I've tried them 
all.” (available for 386 or 486, DOS or Unix) 


“| saw INTERACTER as a graphics library 
for PC, Unix and VAX, but now | use it for 
menus, input screens and system access too. 
We can build great user interfaces - portably.” 


“We started with 150,000 lines of vintage 
FORTRAN... SPAG translated it to beautifully 
structured Fortran 77 which worked first time. 
The whole operation took less than 2 man days; 
we estimated 6 man months without SPAG. 
That’s what / call productivity” 


Eaveleiaslase1 the pusFORT toolkit (which 
includes SPAG) has been greatly enhanced. 
New features include a global static analyser, 
standardisation of declarations, automatic clutter 
removal, variable renaming and many more. 


Call today for a free demo diskette featuring 
these (and other) products. 

If you use FORTRAN, you MUST 
check this one out. 
Polyhedron Software Ltd. 
Linden House, 93 High Street, Tel. (+44) 865-300579 


Standlake, WITNEY, OX8 7RH_ — Fax (+44) 865-300232 
United Kingdom Compuserve 100013,461 


US TOLL-FREE FAX 1-800-777-5519 
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k7 


Want to learn a 
complex new set of 
rules for using a 
computer program? 


If not, and if you 
want a fast, easy, 
professional way to 
do your “spur of the 
moment” 
calculations, call us 
for more information. 


k7, a scientific 
calculator program for 
MS-DOS computers, 
also provides 270 bit 
precision, and can 
take full advantage of 
what your screen and 
your disk provide. 





k7 Associates 
1-800-488-4349 
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Coping with the electronic 
Tower of Babel 
Larry Saunders 


VHDL. Perry, 
Douglas, McGraw- 
Hill, New York, 
1991, 458 pp., 
$39.95. 








The U.S. Department of Defense originally 
developed the very high-speed integrated 
circuit hardware description language 
(VHDL) to respond to the rapidly escalat- 
ing problems it had in the design and 
documentation of electronic parts. 

Defense contractors had created a Tower 
of Babel by documenting thousands of elec- 
tronic parts using uncounted, incompatible, 
and often proprietary electronic design 
description languages. Engineers could not 
understand these design descriptions be- 
cause they did not know the languages. Elec- 
tronic design automation (EDA) programs 
worked only with one or two at a time. Even 
the design descriptions themselves defied 
understanding because massive detail often 
obscured the overall functionality of the 
design. 

VHDL, now an IEEE standard, will fix 
these problems—but only if high-quality, 
easy-to-use educational materials explaining 
the language and its use are made available. 
Unfortunately, most existing materials have 
suffered from a complex, non-engineering- 
oriented vocabulary. Others have focused— 
improperly—on the programming-language 
aspects of VHDL instead of on its electron- 
ic design aspects. 

A really good book on VHDL would have 
three parts: a language tutorial; a discussion 
of how to design properly with VHDL—from 
initial specification to implementation—in a 
top-down design manner; and an explana- 
tion of how VHDL interacts with EDA tools, 
particularly in simulation, synthesis, and tim- 
ing analysis. 

Perry’s book addresses only two of these 
topics. The tutorial portion is adequate, de- 
spite errors and omissions. The section on 
proper VHDL design is well done. But there 
is no useful information on EDA tool inter- 
actions with VHDL. 

In general, I liked the book’s structure and 
progression of ideas. I particularly liked the 
idea of teaching VHDL by example. Chap- 
ters 1 through 8, which introduce the fea- 





tures of VHDL, focus mainly on showing the 
designer ‘‘how to write concise, efficient, 
correct VHDL descriptions of hardware.”’ 
I found this section interesting, if a little slow 
at first. 

Unfortunately, this section has several er- 
rors, ranging from improper syntax in some 
VHDL statements to an erroneous descrip- 
tion of a resolution function. 

Some omissions also bothered me. There 
is no discussion of register and bus (guard- 
ed) signals—an effective piece of language 
for developing state-machine descriptions 
and other uses. Nor is there anything on the 
important subject of writing simulation test 
cases using VHDL. 

The book’s final part works through a fair- 
ly complicated design example. It moves 
from initial specification to final implemen- 
tation in a top-down design manner. This 
section is probably the best reason to buy 
the book. Although the why of some of the 
featured design decisions is not always ex- 
plained, the author does a good job show- 
ing how to lay out, partition, and refine the 
design example. 

The section ends with a short, inadequate 
discussion about VHDL synthesis. Since 
synthesis is the primary reason that hard- 
ware description languages are enjoying 
such wide acceptance in the engineering 
community, this inadequacy is particularly 
troublesome. 

Is this book worth reading? Overall, I be- 
lieve it is. The VHDL-by-example approach 
is different from that in other works on 
VHDL, and should appeal to readers who 
lack the fortitude to wade through other pub- 
lications. The design example in the last sec- 
tion is useful to those who want to learn how 
to code in VHDL. Regrettably, they will have 
to go elsewhere to learn about issues in EDA 
tool and design methodology. 


Larry Saunders (A) is president of North Oaks EDA 
Consulting, Rochester, Minn. A veteran of the origi- 
nal VHDL contract development team in the early 
80s, he was chairman of the IEEE VHDL Analysis 
and Standardization Group and is presently chair- 
man of the VHDL International Users Forum. 





COORDINATOR: Glenn Zorpette 


Recent books 


Citizen Scientist. Hippel, Frank von, Simon 
& Schuster, New York, 1991, 285 pp., 
$12.95. 








Handbook of Microwave and Optical Compo- 
nents, Vol. 4. Ed. Chang, Kai, John Wiley & 
Sons, New York, 1991, 484 pp., $74.95. 
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Meetings, Conferences and Conventions 
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International Conference 
on Systems, Man and Cyber- 
netics (SMC); Oct. 13-16; 
Omni Charlottesville Hotel, 
Charlottesville, Va.; Sandra Sul- 
livan, University of Virginia, 
Room A238, Thornton Hall, 
Charlottesville, Va. 22903; 
804-924-6271. 





Second International Work- 
shop on Raster Imaging and 
Digital Typography (C); Oct. 
14-15; Boston Park Plaza Hotel, 
Boston; IEEE Computer Soci- 
ety, Conference Department, 
1730 Massachusetts Ave., N.W, 
Washington, D.C. 20036; 202- 
371-1013; fax, 202-728-0884. 


International Conference 





on Computer Design-ICCD 
91: VLSI in Computers and 
Processors/MIT CAD Open 
House (ED); Oct. 14-16; Royal 
Sonesta Hotel, Cambridge, 
Mass.; Dwight Hill, AT&T Bell 
Laboratory, 3D-446, 600 Moun- 
tain Ave., Murray Hill, N.J. 
07974; 908-582-7766. 


10th Digital Avionics Sys- 
tems Conference (AES); Oct. 
14-17; Los Angeles Hilton 
Hotel, Los Angeles; Milt Holt, 
NASA Langley Research Center, 
Mail Stop 469, Hampton, Va. 
23665; 804-864-1596; fax, 
804-864-7891. 


International Display Re- 
search Conference (ED); 
Oct. 15-17; Hyatt Islandia Hotel, 
San Diego, Calif.; Andras Laka- 
tos, Xerox Corp., 800 Phillips 





Rd., Webster, 
716-422-9700. 


N.Y. 14580; 


International Workshop on 
Object Orientation in Oper- 
ating Systems (C); Oct. 17- 
18; Hyatt Regency, Palo Alto, 
Calif.; IEEE Computer Society, 
Conference Department, 1730 
Massachusetts Ave., N.W., 
Washington, D.C. 20036-1903; 
202-371-1013; fax, 202-728-0884. 


GaAs Reliability Workshop 
(ED); Oct. 20; Doubletree 
Hotel, Monterey, Calif.; Antho- 
ny Immorlica, General Electric 
Co., Electronics Park, Building 
3, Room 155, Syracuse, N.Y. 
13221; 315-456-3514. 


GaAs Integrated Circuits 
Symposium (ED); Oct. 20-23; 
Monterey Sheraton Hotel, Mon- 





terey, Calif.; Suzanne Kuntz, 
Courtesy Associates, 655 15th 
St., N.W., Suite 300, Washing- 
ton, D.C. 20005; 202-347-5900. 


IEEE members attend more than 
5000 IEEE professional meetings, 
conferences, and conventions held 
throughout the world each year. 
For more information on any meet- 
ing in this guide, write or call the 
listed meeting contact. Information 
is also available from: Conference 
Services Department, IEEE Service 
Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 908-562- 
3878; submit conferences for list 
ing to: Ramona Foster, /EEE Spec- 
trum, 345 E. 47th St., New York, 
NY. 10017; 212-705-7305. 

For additional information on 
hotels, conference centers, and 
travel services, see the Reader 
Service Card. 








ave hours over your current curve fitting 

methods with the new TableCurve v3.0! 

TableCurve will fit and rank 3320 linear 

and non-linear equations to your dataset 
in one highly automated processing step! Step 
through ranked equations, view residuals, statis- 
tics and graphs — and output data and graphs eas- 
ily in a variety of formats! Features include: 


4 3,320 Linear and Non-linear equations 


Includes polynomial, 
rational, peak (Gaus- 
sian, Lorentzian, etc), 
transition, waveform 
and many others. 
Select only the equa- 
tion groupings of 
interest or let Table 
Curve fit all equations 
to your data! 

a User defined 
equations Define your 
own equations — 


TableCurve fits and ranks them along with the 


extensive list of built-in equations. 


Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decomp., 
Gauss-Jordan, LU Decomposition), best fit rank- 
ing criteria (DOF adj. r°, Fit Std Error, F-statistic 
and Std r’), smoothing functions (polynomial 
interpolation, FFT and Lowess) and more! 

a High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speed! 

a Unique graphical review process Graphically 





Total Equations=2704 Last Reviewed: Rank=1 Equationii=1344 
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TableCurve 41 


Automated Curve Fitting Software 


One Step Fits 3,320 Linear and 
Non-linear Equations to 
Your Data—Automatically! 


to SigmaPlot® Lotus and more! 

a Export programming code for any selected 
equation Automatic code generation for pro- 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 

a Outstanding ease of use With a superb user 
interface, full mouse support and extensive on- 
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to- 
use, intuitive format. 


TableCurve is reasonably priced, backed by a full 
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and other statistics. 


view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidence/ prediction limits, residuals 


a Flexible data input/output Import a huge 
dataset from ASCII, Quattro Pro? Lotus? dBase’* 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet® Postscript™ printers, or export directly 





money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software: 1-800-874-1888 


(inside U.S.) or 1-415-924-8640. 
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Jandel 


PSCIENTIFIC| 


“Microcomputer Tools for the Scientist” 


Our European office is: 
SchimmelbuschstraBe 25 
D-4006 Erkrath 2 ¢ FRG 
02104/36098 
02104/36099 
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Introducing... 


EE MOD em Wt Ete 
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Search... retrieve... and print full text, alk in a 
single session! It's that easy with IEEE/IEE Periodi- 
cals Ondisc (IPO). 


IPO brings you page images of material from IEEE 
and IEE periodicals, standards, conference pro- 
ceedings, and magazines — complete with all the 
text, formulas, charts, diagrams, photos, and illus- 
trations of the original. Nearly half a million pages 
of scanned article images are included with your 
first shipment, with more added in every monthly 
subscription update. 


Complete electronics and computing information, 
with the speed and convenience of one-stop re- 
trieval — it’s all within reach with IPO, another 
ProQuest image system from UMI. For informa- 
tion, please call a Serials Sales Representative 


toll-free. 
CON OAPs 
Ann Arbor MI 48106 
800-521-0600 
25 





IEEE-488.2 


The Most Choices 
for your PC 


...and the Best Technology 


Hardware 


NAT4882 IEEE-488.2 Controller chip 
* Optimized GPIB functionality 
Turbo488 performance chip 

* 1 Mbytes/sec reads and writes 
SCSI, serial, parallel Converters 

PLL RUlaeH ola aarelh Acs 

Data Buffer for plotters 

Extenders for distance 

Expanders for more devices 

FCC certified 


Software 


High-speed IEEE-488.2 routines 
FindLstn(0, rlist, fndl 
Industry-standard NI-488" functions 
Lbwrt (scope, "Curve?", 6); 
HP-style commands 

PRINT #1,"OUTPUT 1;F1S2" 
Windows 3.0 support 

Interactive development and 
configuration utilities 


See us at ISA booth 5949 


Call for FREE Catalog 
CER ett 
(800) IEEE-488 (U.S. and Canada) 


/NATIONAL __ 
ES ee 


The Software is the Instrument ® 


6504 Bridge Point Parkway 
Austin, TX 78730-5039 


DENMARK (45) 76 73 22 * FRANCE (1) 4865 3370 
GERMANY (089) 714 5093 * ITALY (02) 4830 1892 
JAPAN (03) 3788 1921 * NETHERLANDS (01720) 45761 
NORWAY (03) 846 866 » SPAIN (90) 860 4304 
SWITZERLAND (056) 45 58 80 + UNITED KINGDOM (0635) 523 545 
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Greatsolid stuff 
onflatscreens 


The puzzle: how to render solid objects with 
spectacular realism, including reflections and 
shadows cast by shiny surfaces, spot or dif- 
fuse lighting, and shading. 

One of the most popular solutions: trac- 
ing the paths of light rays, a classical tech- 
nique used by artists in Renaissance Europe. 

In computer graphics, however, there is 
a catch. Ray tracing is computationally in- 
tensive in the extreme. The reflection, ab- 
sorption, and intensity of millions of rays of 
light must be calculated, taking into account 
the nature of the incident light, the positions 
of viewer and light sources, and the attrib- 
utes of the illuminated objects. 

To produce realistic-looking images, the 
ray-tracing process begins at the end, with 
the rays that reach the viewer. (Starting at 
the light source would entail following the 
many rays that never reach the viewer to 
find the relatively few that do.) These rays 
are then traced backward from the viewer’s 
eye through a plane representing the com- 
puter monitor’s screen, to the object or ob- 
jects being viewed, and then on to the light 
source itself. Each step of the way, the com- 
puter determines how the ray is affected, for 
example, as it bounces off a reflective ob- 
ject or passes through a transparent one. 

All ray-tracing algorithms search for the 
intersections of each ray with every object 
in the scene, and then scan this list of inter- 
sections, looking for the objects nearest the 
origin of each ray. This seemingly simple 
routine is performed so many times that it 
can occupy 95 percent or more of the total 
programming time. 

The number of computations required 
quickly becomes unmanageable as the 
scene’s complexity increases. ‘“Two or 
three spheres on a checkered board is about 
the upper limit of what you’d want to ren- 
der in this way,’’ said Andrew S. Glassner, 
a graphics expert and member of the re- 
search staff at the Xerox Palo Alto Research 
Center in California. 

Over the last decade, researchers have 
explored at least a half-dozen basic ap- 
proaches to accelerating ray tracing. Three 
of the most common strategies fall under 
categories known as directional techniques, 
space subdivision (pioneered by Glassner), 
and hierarchical boundary volumes. Glass- 
ner noted that virtually all methods of ac- 
celerating ray tracing so far devised have 
the same goal: reducing the length and com- 
plexity of the answer to the question, 
““Given a ray and a scene, what is the first 
object intersected by that ray?’’ This answer 





is critical because any rendering technique 
must begin by determining what objects are 
visible to the viewer. 

The basic strategy is reducing the num- 
ber of objects that could be the first one 
struck by the ray to a manageable candidate 
set, which definitely includes the object first 
struck by the ray. 

With hierarchical boundary volumes, the 
scene is divided into a series of imaginary, 
nesting boxes. An image of a bookshelf, for 
example, has a box around the whole unit. 

ays 






Rendering of this ray-traced image, notable 
for the texture on the floor, brick walls, and 
gray valve casing at left, was accelerated with 
the hierarchical boundary volume technique. 
The texture, also known as bump mapping, 
is easily created with ray tracing by varying 
the angles of the light reflected by the surface 
at each point. 


Within this big box are boxes for each shelf; 
within each of these are smaller ones around 
groups of books; within these smaller boxes 
are still smaller ones for each book. 

For each ray entering the scene, the first 
test is whether the ray intersects with the 
biggest box. If the answer is no, thousands, 
perhaps millions of individual tests involv- 
ing that ray and the myriad surfaces in the 
box are avoided. 

If the answer is yes, progressively smaller 
boxes are tested until the object first struck 
by the ray is found. In this technique, each 
box is a candidate set, and as the search pro- 
ceeds from large to little box, the candidate 
set becomes proportionately smaller. 

Space subdivision methods also build can- 
didate sets through the use of nesting boxes. 
However, rays are traced through these 
boxes, and only the objects encountered 
within each box are tested. 

Directional methods generalize both of the 
basic strategies by including the direction of 
the ray as one of the criteria for building can- 
didate sets. 

COORDINATOR: Glenn Zorpette 
CONSULTANT. Andrew S. Glassner, Xerox Palo Alto 
Research Center (PARC) 
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single concentration of 
electronics, communications, 
: computer, and 
high-technology professionals 
in the world. 


The core of the high-tech market. 
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IEEE-488.2 


The Most Choices 
for your PC 


One word 


SWITZERLAND (056 


..and the Best Technology 


Hardware 


NAT4882 IEEE-488.2 Controller chip 
* Optimized GPIB functionality 
Turbo488 performance chip 

* 1 Mbytes/sec reads and writes 
SCSI, serial, parallel Converters 
Full-function Analyzer 

Data Buffer for plotters 

Extenders for distance 

Expanders for more devices 

FCC certified 


Software 
High-speed IEEE-488.2 routines 


FindLstn(0,addrlist, fndlist,5) ; 
Industry-standard NI-488° functions 
Lbwrt (scope, "Ct mare Hd 
HP-style commands 

PRINT #1,"OUTPUT 1;F1S2" 


irve? 


a Windows 3.0 support 
a Interactive development and 


configuration utilities 
See us at ISA booth 5949 


Call for FREE Catalog 
(512) 794-0100 
(800) IEEE-488 (U.S. and Canada) 


> / NATIONAL 
The Software is the Instrument 
6504 Bridge Point Parkway 
Austin, TX 78730-5039 
DENMARK (45) 76 73 22 + FRANCE (1) 4865 3370 
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Easily create complex curves & 
surfaces with the graphical Formula- 
Solver™ 


Generate contours, surfaces, and cross- 
sections from random X, Y, Z points. 




























Choose from 26 graph types for 
business, technical, & scientific data. 


Launch of the Space Shuttle Discovery 







Actual Trajectory 






Altitude:ys 
Longitude 


NEW push-button “mouse-menus” 
allow easy access to frequently used 
features. Automate customized graph creation 


with pre-recorded macro & batch files. 





Integrate 2-D and 3-D data ona single 
graph to add meaning and impact. 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle ® Unrestricted placement of graphs & text 


and sophistication than basic business @ Direct compatibility with Microsoft Word 
graphics and plotting packages can & WordPerfect. 
provide. It’s simply a matter of using the With Graftool, all this power and 
right tool for the job. In addition to flexibility purr quietly under the hood, ? 
: publication-quality graphics, you need while pop-up menus and push-buttons S 
| powerful analysis tools and capabilities bring an ease of use previously unheard 
| such as Graftool’s @ Intelligent Data of in scientific software. Just “point & 
Cursor™ to read out data points on curves _ process” with increased productivity and 
& surfaces @ Linear & non-linear curve- greater understanding. 3 DL. 
fitting # Unlimited zoom & rotation GRAFTOOL — the right tool for your 3-D vic ONS 
) = Multiple axes in linear, log, or proba- technical solutions. Me. 
| bility scales # Advanced data handling, Call Toll Free for Details 
. allowing over 268,000,000 data points GRAFTOOL $495. 4 
. = Powerful scientific spreadsheet which = Interactive demo available 1-800-729- 4235 
: can directly read your Lotus or ASCII files @ Academic discounts. 2780 Skypark Drive, Torrance, CA 90505 
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MathtType. The best thing for 


writing equations since chalk. 
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‘/ith MathType you create 





























and add equations to your 
document by using simple 
point-and-click techniques. All 
without quitting your word 
processor. 
MathType has an intuitive 
WYSIWYG 


TEX: $\left\ Vert { \ 

Vv } \right \Vert\ 
\sum\limits {N=K} \infty 
Niece Kab} (ntl). sie 








Ask for your FREE Demo 
Disk and Brochure for either 
PC or Macintosh. 














(What You See 
Is What You 
Get) interface. 
Over 175 mathemat- 
ical symbols and 
templates, conven- 
iently arranged in 
pull-down menus. 


and quickly. 





With MathType, equation writing 
is as easy as filling in the blanks. 

Now you can create typeset- 
quality technical documents easily 


Complete Software Packages: 
PC/Windows version: $249 
Mac version: $149 


Mathlype 


EQUATIONS FOR WORD PROCESSING 
Design Science Inc., 4028 Broadway, Long Beach, CA 90803 


1-800-827-0685 


© Copyright 1991 by Design Science. Inc 








MathType is compatible with most Microsoft Windows and Macintosh word processing and desktop publishing applications. 
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Edmund Scientific has one of the nation’s largest selection of 
off-the-shelf precision optics at lowest prices, available for im- 
mediate delivery to meet your exacting requirements. Over 78,000 
square feet of optical manufacturing and inventory for research 
and industrial applications. 

M@ BEAM SPLITTERS WM FILTERS WM FLATS @ PCX LENSES 
@ ACHROMATS @ PRISMS M& MIRRORS @ DCX LENSES 


Let us assist you with your optical requirements. 
Send specifications for quotation. 


FREE REFERENCE CATALOG 


Features 196 pages and 
over 8000 products 


Our new, full color catalog describes one of 
the largest and most diversified lines in the 
nation of precision lenses, optics and op- 
tical instruments available for immediate 
delivery. Call or write for your FREE 196 

page optical catalog. 





Serving Industry Since 1942 Tel. (609) 573-6250 © Fax. (609) 573-6295 


FHT Edmund Scientific Co. 
B 


Dept. 11B1. N920 Edscorp Bldg., Barrington, NJ 08007 
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MAXIMIZE YOUR RESEARCH TIME 


With Integrated Signal Analysis (ISA) you will considerably reduce the time 
it takes you to productively utilize recent advances in higher-order spectral analysis 
in analyzing, interpreting and modelling signal characteristics of nonlinear systems 
and phenomena such as harmonic generations or intermodulations. 


ISA is a software system that gives you a ready-to-use arsenal of linear and 
higher-order spectral analysis tools. 


ISA consists of both application and library packages. The application package is 
provided in Fortran-77 source code, which can be used as custom templates. 

The library package is a hierarchical set of basic building blocks used in applica- 
tion package, which is currently available in object code. Plotting features are 
customized for these packages. 


The textbook style Reference Guide explains the principles and concepts under- 
lying ISA. It runs on SUN SPARC as well as DEC VAX/VMS computers. 


SOME APPLICATION AREAS 


e Underwater Acoustics e Biomedical Research e Oceanography 

e Nonlinear Modal Analysis ¢ Nonlinear Vibrations e Fluid Dynamics 
e Offshore Technology e Nonlinear Signatures « Plasma Physics 
e Nonlinear Ship Dynamics ¢ Communications 

e Nonlinear Radar foth 


FEATURES 


e Bispectrum, Bicoherency, Bicorrelation 

e Quadratic Transfer Function 

e Quadratic System Coherency 

e Wavenumber-Frequency 

e Linear Transfer Function 

e FFT (any length) 

e Preconditioning Digital Filters i, 
e Phase-Sensitive Complex Demodulation 

e Standard/MEM Spectrum and Correlation 


7719 Wood Hollow Drive, Suite 219, Austin, TX 78731-1634 


Cp) INTEGRAL SIGNAL PROCESSING, INC. 
& 1-800-366-9081, Voice: (512) 346-1451, Fax: (512) 459-1661 
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| 0 DIGITAL IMAGE 

j PROCESSING, 2nd Ed. 

‘i WILLIAM K. PRATT 
Intended as both a professional refer- 
ence and graduate text, this exten- 
sively revised bestseller includes 

I more than 50% new material, much 
of which deals with image analysis. 

0471-85766-1 1991 


O OPTICAL SIGNAL 
PROCESSING 
ANTHONY VANDERLUGT 
J The first reference/text to treat 
i acousto-optic signal processing, this 
book also covers the theory of optical 
signal processing and the develop- 
I ment of processing applications. 
4 0471-54682-8 1992 544pp $64.95(tent.) 


752pp $69.95 


15 COMPUTER 

| ANALYSIS OF POWER 

A SYSTEMS 

I J. ARRILLAGA and C, P, ARNOLD 
Includes new material on transient 
power system analysis and interac- 
tive power system analysis with 

I emphasis on microcomputers. 


' 0471-92760-0 1991 36lpp $39.95 


10 SEMICONDUCTOR 

| MEMORIES, 2nd Ed. 

I A Handbook of Design, 
Manufacture, and 

I Application 
BETTY PRINCE 

j Explores recent advances in the field, 
including smart memories, comput- 
ers and networks. Details new trends 

I in memory architecture and function- 
ality, such as multiplexing, video 

i memory architecture, and error cor- 

I rection. 

J 0471-92465-2 1991 744pp $79.95 


O ELECTRICAL 
TRANSIENTS IN POWER 
SYSTEMS, 2nd Ed. 

ALLAN GREENWOOD 

Provides a solid foundation for the 
subject, based on practical experi- 
ences. Includes numerous examples 
and problems. Fully updated. 


0471-62058-0 1991 768pp $79.95 


O GENERALIZED 
MOMENT METHODS IN 
ELECTROMAGNETICS 
Formulation and 
Computer Solution of 
Integral Equations 
JOHNSON J. H. WANG 

Covers the numerical aspects and 
analytical background of moment 
methods. Reflects advances which 
have not yet appeared elsewhere. 


0471-51443-8 1991 S76pp $74.95 


0 SENSORS AND 
SIGNAL CONDITIONING 


RAMON PALLAS-ARENY and 
JOHN G. WEBSTER 


Discusses operation and advantages 
of the most common electronic sen- 
sors, and analyzes the signal condi- 
tioning circuits required. Includes de- 
sign examples and problems. 
0471-54565-1 1991 416pp $59.95 


O EVALUATING 
DECISION SUPPORT 
AND EXPERT SYSTEM 
TECHNOLOGY 

LEONARD ADELMAN 

Provides an understanding of the 
methods required for effective evalu- 
ations and shows how to incorporate 
the methods into the design and de- 
velopment process. 


0471-54801-4 1992 272pp $39.95(tent.) 


O SYNTHETIC 
APERTURE RADAR 
Systems and Signal 
Processing 


JOHN C, CURLANDER and 

ROBERT McDONOUGH 

Describes digital processing of SAR 

and provides information essential to 

processing system designers. 
0471-85770-X 1991 690pp $84.95 


O ENGINEER-IN- 
TRAINING 
EXAMINATION REVIEW 
Third Edition 

DONALD NEWNAN and 

BRUCE LAROCK 

Acknowledged as a standard in the 
field for over 20 years, this bestseller 
has been completely updated to re- 
flect recent revisions to the 1991 EIT 
exam. Includes solutions to all prob- 
lems. 


0471-50827-6 1991 


O DIRECT CURRENT 
POWER TRANSMISSION 
SYSTEMS 

K. R. PADIYAR 

Here, in one easily accessible book, is 
discussion of both technology and 
AC/DC system interactions. Also 
provides up-to-date information on 
control protection, static var systems, 
and more. 


0470-21706-5 1991 


575pp $34.95 


285pp $34.95 


O DIGITAL MAGNETIC 

RECORDING, 2nd Ed. 

A. HOAGLAND and J. E. MONSON 

A comprehensive, self-contained in- 

troduction to the field, covering basic 

concepts and tools, design principles, 

components and applications. 
0471-40144-7 1991 250pp $49.95 


your career... with 


0 DECISION SUPPORT 
SYSTEMS ENGINEERING 
ANDREW P. SAGE 

Describes how to establish a decision 
support system, addressing concerns 
of both designers and users. Covers 
data-base and model-base manage- 
ment systems, and dialog generation 
and management systems, emphasiz- 
ing how these make a decision sup- 
port system feasible and practical. 
0471-53000-X 1991 344pp $59.95 


O NOISE AND OTHER 
INTERFERING SIGNALS 
RALPH MORRISON 
Explains how to avoid or fix un- 
wanted random and coherent signals. 
Covers power supplies, radiation and 
susceptibility, digital circuits, and 
more. 

0471-54288-1 1991 


0 COOLING 
TECHNIQUES FOR 
ELECTRONIC 
EQUIPMENT, 2nd Ed. 
DAVE S. STEINBERG 

Provides rapid, proven methods for 
designing electronic equipment to 
withstand severe thermal environ- 
ments. Heavily illustrated and thor- 
oughly updated. 

0471-52451-4 1991 528pp $64.95(tent.) 


O ELEMENTS OF 
INFORMATION THEORY 
THOMAS M. COVER and 

JOY A. THOMAS 

Provides a comprehensive and acces- 
sible introduction to the field, blend- 
ing theory and applications. Includes 
numerous illustrations, problems, 


168pp $34.95 


and historical notes. 


0471-06259-6 1991 540pp $59.95 





To order by phone: 


Call Toll-Free 
1-800-526-5368 


(R) WILEY 


Publishers Since 1807 


All other inquiries, call 212-850-6418 


Order through your bookstore, or check off your selection, fill out the form below & mail the 
entire ad to: JOHN WILEY & SONS, INC., 605 Third Avenue, NY, NY 10158, Att: S. Nelson 


[ ] Send for 15 day exam, with bill [ 


NAME: 


] Payment enclosed (Prepaid orders will be sent postpaid) 





FIRM: 





ADDRESS: 





CITY/STATE/ZIP: 





SIGNATURE: 


Ao 





Prices subject to change without notice & higher outside the USA 
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designed 
wo your 
streamline 
e salar 
job search y 
for 2» 
SOFTWARE SEMINARS you, oOmpare: 
SPRING 1992 Don't the > 
« hunt electronics 
In-House Assessment through and 
of Software Development pages 
Jan 6-10, 1992 #1741DC of local computer 
newspaper professional 
ads that 


Software User 
Documentation: 
Designing for Usability 
Jan 27-28, 1992 #1768DC 


don't relate $28 ly ear 


to you. : 

To subscribe call 
Subscribe to 602-860-9535, 
TEC and get or FAX to 
truly classified \\\ 602-860-4972 
info on jobs in — 
your field, and — 
in the locations Wp 6 Box 14285 
you want - twice \i scottsdale, AZ 
a month. 85267-4285 
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Reading worth 
writing tor. 


If you're looking for some good 
reading, you've just found it. 
The free Consumer Information 
Catalog. 





















Online Documentation: 
Mastering the New Trend 
Jan 29-31, 1992 #1769DC 



















Find out here 






Practical Techniques 
for Ensuring Software 
Reliability 
Feb 3-5, 1992 








The 1991 IEEE U.S. Membership 
Salary and Fringe Benefit Survey 

ow you can order the most 

authoritative and up-to-date in- 
formation available on U.S. electrical 
and electronics engineering salaries. 
You'll get definitive information on 
engineering salaries and income by 
geographic area... by job function... by 
level of education... pensions and retire- 
ment plans...insurance...401K plans 
...by industry...by area of technical 
expertise ...and much more. 


IEEE member price: $74.95 (plus $5 
for handling; NY, NJ, CA and DC resi- 
dents please add appropriate state 
sales tax) List Price: $99.95 

Product #: UH0185-9-PJB 


#1511DC 





For complete information and 
a course brochure please 
contact Monique Wilson, 
The Continuing Engineering 
Education Program. 

(202) 994-0724 

FAX (202) 872-0645 

TOLL FREE (800) 424-9773 




























































The Catalog lists about 200 
federal publications, many of 
them free. They can help you 
eat right, manage your money, 
stay healthy, plan your child’s 
education, learn about federal 
benefits and more. 








Ask about our 
on-site programs... 
Take advantage of con- 
siderable savings, no 
employee travel expenses, 
adjustable agendas, com- 
plete course materials and 
certificate of completion. 


veers ton 
ity 


Unive 


WASHINGTON DC 


















So sharpen your pencil. Write 
for the free Consumer 
Information Catalog. And get 
reading worth writing for. 












To order, call IEEE Customer Service 


1-800-678-IEEE 


908-981-0060 outside the U.S. 
or fax: 908-981-9667 








\ geal oy 
td] 


Consumer Information Center 
Department RW 
Pueblo, Colorado 81009 


U.S. General Services Administration. 












GW is an equal opportunity institution. 
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-Douglas Helicopter and 
. U.S. West Small Business 


“Intel, 1991 ° ne } a * Sinaguan Metate Manufacturing, 18th century 


_or chemical, electrical, industrial or mechanical 





& 
- As an Industrial Fellow 
at ASU, Mike Wall earned 
his master’s degree 
while working for a major 
aay 5 corporation. It's a unique 
: opportunity, continuinga 
tradition of engineering 
excellence that began here 
hundreds of years ago. 





Hopi Pattern Mathematics, 6th century 


Program sponsors include 
Motorola (GEG, SPS), 
Honeywell (CFSG, IAC, 
and SSO), Intel, McDonnell 


Services. They're helping 
engineers like Susan 
Ferreira invest in the ue 








Hohokam Acid-Based Etching, 10th century. : * Motorola GEG, 1989 


Inthe next two years, 
Kim Greene will be able 
to complete an advanced 
degree and earn over 
$50,000 in salaries, awards 
and benefits. She'll also 
participate in é6ne of the 
nation’s top leadership 
development programs for 
engineers. 





o> 


Opportunities are available in computer science, 


engineering. U.S. citizenship required. 


Call 602-965-2276: 

orwriteformore information. = Industrial Fellows Program 

1992 program applicationsaredueby - ARIZONA STATE UNIVERSITY ; 
November 25,1991 (early bird) or ; 8 College of Engineering and Applied Sciences. 

January 6, 1992 (final). Ce Tempe, Arizona 85287-7406 

ee : " (602) 965-2276 FAX (602) 965-2267 


Arizona State University vigorously pursues affirmative action and equal opportunity in its employment, activities, andprograms. ~ 
Ms » a. i e 2 2 / 





Athena 386SX/20 Notebook Computer 


The ideal companion for 
mobile engineers! 


Athena proudly 

presents to you NB386 by 

Core Pacific, featuring: 

¢ 80386SX 20MHz processor 0 wait 

¢ 40MB or 60 MB hard disk drive 

¢ IMB to 16 MB RAM ®° small 
notebook size 11"x9.3"x1.9" 

* light weight 6.6 lb including battery 

* fits nicely in half of a suitcase 

¢ sleek,sturdy dark blue fingerprint- 
proof design ¢ Unix as well as DOS 


With its versatile interfaces, NB386 could be your only PC both at 
home, office, field, or school: 

* two serial one parallel port * external monitor port * external keyboard port and 
external keyboard cable ® external floppy port * external AT-bus expansion port 


Convenient and ample power supply included: 
* external autoswitch AC adapter * quick 2-hour re-charge, 3-hour running Nicad 
battery * car cigarette lighter adapter 


Costs: 

NB386 with 40MB HDD IMB RAM __ $2198 
NB386 with 40MB HDD 2MB RAM $2278 
NB386 with 6(0MB HDD 2MB RAM __ $2468 
NB386 with 60MB HDD 4MB RAM _ $2588 


Accessories: 

* pocket fax modem $200 * pocket Ethernet LAN adapter: coax $195, 10BaseT $210 
* 80387SX math co-processor $270 * IM to 2M upgrade $80, to 4M $190, 2M to 4M 
$150 © extra battery pack $98 ¢ Fastlink file transfer system with cable $129 
(transfers files between your desktop and NB386 at lightening speed of 500,000 baud 
rate!) * internal 2400 modem w/Bitcom software for your desktop PC $59 

¢ Unix system V release 4 run-time (60MB/4MB required):Sun OS, Bsd4.2, 4.3, 
and Xenix compatible; POSIX,X/Open and FIPS compliant: $299 installed! 


Upgrade your DOS-based desktop PC to Unix System V release 4 with NCC compiler, 
TCP/IP, X-Window with MOTIF or OPEN LOOK, call! 

Athena also provide high quality M/B at un-believable prices, for example 386/40 
w/64Kc+CPU for only $420! 


Call today for 486 and other products! 


Athena Multi-Media Converter 
-----» Multi-media VGA to video converter $895 ---- 
aH ~< Real-time (1/30 sec) frame grabber $980 <¢---- 


Presentation tool S/W, best PC slide show for only $99 [E=5 VCR 


ATHENA SOLUTION, INC. 
100 W.E] Camino Real #68, Mt.View CA 94040 


i WENA — Tel. $00-ATHENAI, 415-962-8686 
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ADVANCED ENGINEERING 
EDUCATION 


If you're a busy professional engineer 
searching for a convenient way to 
further your education without inter- 
rupting your career...look to the VIP. 

Through the University of Massa- 
chusetts at Amherst, the VIP offers a 
wide variety of advanced engineer- 
ing courses, delivered to your work- 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 


Video Instructional Program 
College of Engineering 

113B Marcus Hall 

University of Massachusetts 
Amherst, MA 01003 


(413) 545-0063 FAX (413) 545-1227 


An equal opportunity/affirmative action institution. 
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Calendar 





(Continued from p. 8) 

Vehicle Navigation and Information 
Systems Conference-VNIS ’91 (VT); 
Oct. 20-23; Hyatt Regency, Dearborn, 
Mich.; M. Krage, General Motors Research 
Laboratories, Department 18, 30500 Mound 
Rd., Warren, Mich. 48090; 313-986-2976. 





Workshop on Applications of Signal 





Processing to Audio and Acoustics 
(SP); Oct. 20-23; Mohonk Mountain House, 
New Paltz, N-Y.; James Kates, City Univer- 
sity of New York, Graduate Center, Room 
901, 33 W. 42nd St., New York, N.Y. 10036; 
212-642-2179; fax, 212-642-2379. 


Conference on Electrical Insulation 
and Dielectric Phenomena (DEJ); Oct. 
20-24; Hyatt Regency Hotel, Knoxville, 
Tenn.; G. Edward Johnson, Room 7D-214, 
AT&T Laboratories, Murray Hill, N.J. 07974; 
908-582-2585; fax, 908-582-5570. 





Your Single Source for 
The W-I-D-E-S-T Range 
of Electronic and Power 


ROTARY 
SWITCHES 


We can match your needs: 


=» APPLICATIONS 
=» RATINGS 

=» OPTIONS 

=» SIZES 





Complete lines include 

e Electronic 

e Minature 

e Heavy-Duty 

e Custom Designs 

e Snap, Detent and 
Cam Actions 

e Military & 
Enhanced Commercial 


Our switch ratings range from under 1 amp to 200 amps 


ELECTROSWI/ITCH 


UNIT OF ELECTRO SWITCH CORP. 
Weymouth, Massachusetts 02188 


Telephone: 617/335/5200 ¢ FAX: 617/335/4253 





Circle No. 32 _ 


12H 








Advanced Semiconductor Manufactur- 
ing Conference and Workshop (ED); 
Oct. 21-22; World Trade Center, Boston; 
Margaret Bachmeyer, 2000 L St., N.W., 
Suite 200, Washington, D.C. 20036; 202-457- 
9584. 


Sixth IEEE Workshop on Computer 
Communications (COM); Oct. 22-24; 
Monterey Plaza Hotel, Monterey, Calif.; 
Nachum Shacham, SRI International, 333 
Ravenswood Avenue, Menlo Park, Cali- 
fornia 94025; 415-859-5710; fax, 415-859- 
4812. 


Visualization ’91 (C); Oct. 22-25; Mar- 
riot Mission Valley, San Diego, Calif.; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036; 202-371-1013; fax, 
202-728-0884. 


International Test Conference (C); Oct. 
26-30; Opryland Hotel, Nashville, Tenn.; 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


14th International Congress on In- 
strumentation in Aerospace Simula- 
tion Facilities-ICIASF ’91 (AES); Oct. 
27-30; Holiday Inn Crowne Plaza, Rockville, 
Md.; William Yanta, Naval Surface Warfare 
Center, K24, 10901 New Hampshire Ave., 
Silver Spring, Md. 20903-5000; 301-394- 
1928. 


Portland International Conference on 
Management of Engineering and 
Technology—Picmet ’91 (EM); Oct. 27- 
31; Marriott Hotel, Portland, Ore.; Dundar 
F. Kocaoglu, Portland State University, En- 
gineering Management Program, Portland, 
Ore. 97207; 503-725-4660; fax, 503-725- 
4667. 


Eighth International Conference on 
Automotive Electronics (VT); Oct. 28- 
31; Savoy Place, London; Jane Chopping, 
Conference Organizer, IEE Conference 
Services, Savoy Place, London WC2R OBL, 
England; (44+1) 240 1871, ext. 218. 


International Logic Programming 
Symposium (C); Oct. 29-Nov. 2; San 
Diego Princess, San Diego, Calif.; IEEE 
Computer Society Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


International Professional Communi- 
cation Conference—IPCC ’91 (PC); Oct. 
30-Nov. 1; Sheraton World Resort, Orlan- 
do, Fla.; Daniel Plung, Westinghouse Savan- 
nah River Co. , 1070 Silver Bluff Rd., Aiken, 
S.C. 29801; 803-642-4066. 
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How to spend less time 


thumbing through books and more 
time thumbing through results. 
New Mathcad 3.0 






caine Lule CECE Leung 


New Mathcad 3.0 crunches, {al New Windows 3.0 interface makes 


















graphs, updates, and documents calculation fast and effortless. 
your work in real math notation. 
7 Cy+C> (The diagram and the formula were 
Automatically. ga |_SS  botnpasted in trom one ot 
2m {lLCy C2 Mathcad’s Electronic Handbooks ) 





| With Cp=50 10 farad = L=2mH ond Sf = 
| Wewant the other capacitance. We'll use Solve trom the Syij 
Cy i 

Cys rraeera geo naire ot or 
(-1+4 Lf 2" Cy 


New Electronic Handbooks give 
instant access to hundreds of stan- 
dard formulas. Just click’ n? paste. 


New symbolic capabilities are 
available with a simple menu pick. 











1 





] Gain for various 
Aly. 10) 
Als. 19) 05 
Al, 50 











It’s the fast, efficient, com- oes | oe aatcheniel, 
; : ngineering, Statistics, 
prehensive way to do technical Adtaaclr none 





calculations. Numerical Methods 


e Differentials, cubic 











Move those reference texts off your 







desk. Put that calculator back in your hundreds of standard formulas, useful data, splines, FFTs, matrices and more 
esa And save that evens spreadsheet even entire calculations. Just click ’n’ paste e Enhanced 2-Dand 3-D graphics 
or your budgets and bookkeeping. them from a hypertext window into your ¢ Improved presentation-quality 





It’s time to get problems out of the way documentation 
and make room for answers. With new 
Mathcad 3.0, the major new upgrade to 
the world’s best-selling math software. 

It’s the all-in-one solution with a singular 


purpose: to put results in your hands as 


documents, ready to use. 

When you need to simplify a formula, 
Mathcad’s symbolic calculation capabilities 
are available with a simple menu pick. 
There’s no arcane programming language 
to learn, so you can do integrals, Taylor 


also available 

For a FREE Mathcad demo disk, or 
upgrade information, 
call 1-800-MATHCAD Wy 





quickly and thoroughly as possible. series, infinite sums, and more—all with (or 617-577-1017, oenetant 
New Mathcad ts a workhorse that handles point *n’ click simplicity. The Fax 617-577-8829). Or {Mathcad 
everything from simple sums to matrix symbolic answer can be used see your software dealer. + @ 
manipulation. Effortlessly, for both numerical calcula- A 
naturally. tions or further symbolic Available for IBM’ > 
Simply type your calculations transformation. Sak Se 7 
into the live document, You'll also find improved Set aGis: 


just like youd write 
them onascratch pad. % 
And let Mathcad do the 
work for you. It per- 
forms the calculations. 
Graphs in 2-D or 3-D. 
Automatically updates 
results each time you 
change a variable. And 
prints out presentation- 
quality documents, com- 
plete with equations in real 
math notation, even scanned-in graphics. 
Newly upgraded Mathcad 3.0 now has 
Electronic Handbooks for instant access to 


equation editing, enhanced 
graphing features, and 
more documentation 
options. So why waste 
time working with 
problems? Join the 
120,000 users that get 
results—with Mathcad. 
¢ New easy to learn and use 
Microsoft Windows 3.0 interface 
e New easy to use symbolic calculations 
e New Electronic Handbooks with hun- 
dreds of built-in solutions 
e Optional Applications Packs with adapt- 
able templates for Electrical, Medusa 


TM and ® signify manufacturer’s trademark 
or registered trademark respectively. 


1-800-MATHCAD 













The answer is 


Mathcad 


MathSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA 













































Mathcad 2.5 
3-14-89 issue. 
Best of 88 
Best of °87 





e PC DOS, Macintosh® and Unix® versions 















Australia: Hearne (03) 866 1766; Belgium: SCIA 013/55 17 75; Denmark: Engberg 42 25 17 77; Finland: Zenex 90-692-7677; France: ISE-Cegos (1) 46 09 24 00; Germany: Softline (0 78 02) 4036; Italy: Chanel 02-90091773; Japan: CRC 03-3665-9741; 


Netherlands: Klaasing 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 032 41 01 11; U.K.: Adept Scientific (0462) 480055. In other locations, contact MathSoft, USA. 
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ANSYS-PC/Maenetic 


Power, Price, and Performance in Electromagnetic Software 





ANSYS magnetics was used by Stone and 
Webster Engineering Corporation with 
MIT Plasma Fusion Center to analyze the 
conductors, iron mass, and field in a MHD 
channel. Displayed are the Lorentz forces 
in a conductor. 


Introducing ANSYS°-PC/Magnetic 
software: Now you can get many of 

the features and functionality of the 
ANSYS program, the leading finite 

element analysis (FEA) program, in 
an affordable, PC-based package. 


The ANS YS-PC/Magnetic program 
combines preprocessing, solution, 
and postprocessing capabilities all in 
one affordable package. Using the 
ANSYS-PC/Magnetic program you 
can perform 2-D and 3-D analyses 
for static, low-frequency AC and 
transient magnetic fields, as well as 
3-D current conduction analysis. 

The ANSYS-PC/Magnetic 
program lets you quickly create a 
mathematical model, run any 
number of analytical “what if” tests, 
and view the results. You can get 
the insight you need to develop 
better designs faster than ever... 
before prototypes are tested and 
long before any production begins. 

You can also take advantage of 
such powerful (and standard) ANSYS 
features as design optimization, 
parametric language, submodeling, 
and many others. 





Magnetic field analysis for a cyclotron 
magnet design was performed by the 
National Superconducting Cyclotron 
Laboratory, Michigan State University, 
using ANSYS magnetics to determine flux 
density levels. 


As a result, you can quickly 
design, analyze, and optimize a 
broad range of electromagnetic 
devices, including electrical machines, 
permanent magnet devices, and 
solenoids, just to name a few. 

Swanson Analysis Systems, 
Inc. and its worldwide network of 
ANSYS Support Distributors 
(ASDs) provide the support you 
need, including ready access to 
complete documentation and hot- 
line assistance. You can also take 
advantage of a full array of courses 
offered by our ASDs. 

A growing number of com- 
panies are using ANSYS FEA for 
electromagnetic design and analysis. 
To join them, contact Swanson 
Analysis Systems, Inc. at: 


1-800-WE-R-FEA1 or 1-800-937-3321. 





Swanson Analysis Systems, Inc. 
Johnson Road, P.O. Box 65 
Houston, PA 15342-0065 

FAX: (412) 746-9494 





A printer head linear actuator device was 
modeled by IBM Corporation to evaluate 

normal end axial forces on a sliding 

armature situated between two stators. 


ANSYS°-PC/MAGNETIC 

FEATURES: 

Preprocessor, Solver, and Postprocessor 

Menu System 

Solid Modeler 

Two-Dimensional and Three-Dimensional 
Analysis 

Design Optimization 

Parametric Language 

Macro File Capability 

Printer and Plotter Support 


FIELD SIMULATION 2-D: 
Static Analysis 

AC Analysis 

Transient Analysis 

Saturable Irons 

Current Sources 

Permanent Magnets 
External Field Excitation 


Skin Effects 


FIELD SIMULATION 3-D: 
Static Analysis 

AC Analysis 

Transient Analysis 

Saturable Irons 

Current Source Primitives 
Permanent Magnets 

External Field Excitation 
Electro-magnetostatic Coupling 


ANSYS is a registered mark of Swanson Analysis Systems, Inc. 
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n civil emergencies, keeping 
the affected populace in- 
formed is high on the agenda 
if casualties and hardships are 
to be held to a minimum, and 
if normalcy is to be restored quickly and ef- 
ficiently. 

When Hurricane Bob struck New York’s 
Long Island in August, despite 24 hours or 
more of warning, it caught the power utility 
(Lilco), the telephone company (New York 
Telephone), and numerous local radio sta- 
tions short, or out of practice, in commu- 
nicating with the public. 

Lilco, embarrassed by shortcomings in 
previous emergencies, notably Hurricane 
Gloria in 1985, had an emergency restora- 
tion plan in place that evidently worked well, 
except for letting the populace know what 
was going on. 

In some aspects, the plan worked better 
than expected. Hurricane Bob nipped 
the eastern end of Long Island and left 
380 000 customers without power, some for 
as long as six days. But power for most 
customers was restored within five 
days, rather than the seven projected 
when the storm first hit. An account 
in the New York Times linked the re- 
pair schedule to a “‘carefully planned 
drill put into place after Hurricane 
Gloria.”’ 

A report on the response to the 
storm is now being prepared by the 
New York State Disaster Prepared- 
ness Commission. Its chairman, 
Thomas Jorling, has already affirmed 
‘“‘a much more rapid restoration of 
power following Bob than Gloria.’’ 
But Richard Kessel, executive direc- 
tor of the New York State Consumer 
Board, said that while Lilco did a bet- 











Spectral lines 
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Power consumers in the dark 


ter job this time, the system is still vulner- 
able. He asked what the outcome would 
have been if Hurricane Bob had hit head-on. 
Kessel gave Lilco a B-minus for its perfor- 
mance during Hurricane Bob, compared to 
an F during Hurricane Gloria. 

By the time all 380 000 customers were 
back on line, Lilco had picked these num- 
bers out of its computer: 1041 repair crews 
replaced 219 transformers and restrung 74 
miles of wire and cable; working 16-hour 
shifts, they erected 214 utility poles and 
replaced 2313 fuses; and in the process they 
used 21 737 connectors, 3851 clamps, and 
421 cross arms. Crews from other utilities 
in New York, New Jersey, and Pennsylvania 
also helped out. 

But the big criticism came from customers 
who were unsuccessful when they tried to 
reach a Lilco emergency number. Some 
reported hundreds of attempts (relatively 
easy with automatic re-dial). 

Most of the 159 000 callers who did get 
through between Monday, when the storm 
hit, and Sunday called early in the week. But 














the bulk of those who failed were most likely 
those who called in the first day or so, too. 
Those who did get through, however, 
were not given very useful information, ac- 
cording to a Lilco spokesman. Lilco found 
that conducting repairs on a decentralized 
basis seemed to work well, but information 
about the progress of the work seldom made 
its way back to the centralized headquarters 
where the emergency telephone operators 
are located. 
A caller who failed to get through using 
a Lilco emergency number called New York 
Telephone to see if any extra lines were 
being installed to handle the overload. The 
phone operator was unable to respond. In 
fact, unbeknownst to the operator, ‘‘scores’’ 
of extra lines to Lilco’s emergency call cen- 
ter in Suffolk County were being set up. At 
least three additional emergency numbers 
were available for use, but were unknown 
to customers until they were published 
in Thursday’s newspapers. And no cus- 
tomers to whom we talked heard them an- 
nounced by newscasters. 
= Radio stations sampled by cus- 
gtomers without power seemed to 
Foffer little but general storm-related 
information—the usual ‘‘stay away 
from downed power lines’’ and the 
“‘hardest hit and most remote areas 
will be last to be restored.’’ 

On the positive side, a Lilco 
spokesperson gave Lilco’s own 
employees an A+ for efforts during 
the emergency, and most consumers 
seemed to concur. It was the pub- 
lic communications management 
system that got the F this time 
around. 





Donald Christiansen 
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APPLICATIONS/COMPUTERS 


Video compression makes big gains 


New standards for video 
compression plus new IC 
chips will change the world 
of computing, broadcasting, 
and communication 


igitally encoded video is 
upon us. Just as audio com- 
pact discs have revolution- 
ized the recording industry, 
so this new technology 
promises to unleash a 
whole slew of video appli- 
cations—among them, the 
digital laserdisc, electronic camera, video- 
phone and -conferencing system, image and 
interactive video tools on personal com- 
puters and workstations, program delivery 
on cable and satellite, and high-definition 
television (HDTV). Unlike the digital audio 
technology of the ’80s, however, many of the 
applications of digital video hinge on the use 
of data compression. The audio bandwidth, 
after all, is about 20 kHz, which translates 
into a digital data rate of about 1.4 megabits 
per second for high-quality stereo sound. 
Sampled video source signals, on the other 
hand, require much higher bit rates, rang- 
ing from 10 Mb/s for broadcast-quality 
video to more than 100 Mb/s for HDTV 
signals. 

Even when still pictures are in- 
volved, as in image archival systems, 
a mountain of data is needed to repre- 
sent them. For example, a color image 
with resolution of 1000 by 1000 picture 
elements (pixels) at 24 bits each will oc- 
cupy 3 megabytes of storage in an un- 
compressed form. This will not fit onto 
a high-density floppy diskette, which 
can hold just 1.2 Mbytes. 

Meanwhile, to facilitate industry 
growth, three standards are being developed 
for still and moving pictures and for 
videoconferencing. Sets of chips already 
exist for all three purposes, some of them 
proprietary designs, and others in agreement 
with the standards closest to completion. 
HOW IT WORKS. Compression methods build 
on both redundancies in the data and the 
nonlinearities of human vision. They exploit 
correlation in space for still images and in 
both space and time for video signals. Com- 


Peng H. Ang, Peter A. Ruetz, and David Auld 
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pression in space is known as intra-frame 
compression, while compression in time is 
called inter-frame compression. Generally, 
methods that achieve high compression ra- 
tios (10:1 to 50:1 for images and 50:1 to 
200:1 for video) are lossy in that the recon- 
structed data are not identical to the original. 

Lossless methods do exist, but their com- 
pression ratios are far lower, perhaps no bet- 
ter than 3:1. Such techniques are used only 
in sensitive applications such as medical im- 
ages. For example, artifacts introduced by 
a lossy algorithm into an X-ray radiograph 
may suggest an incorrect interpretation and 
alter the diagnosis of a medical condition. 
Conversely, for commercial, industrial and 
consumer applications, lossy algorithms are 
preferred because they save on storage and 
communication bandwidth. 

These lossy algorithms also generally ex- 
ploit aspects of the human visual system. For 
instance, the eye is much more receptive to 
fine detail in the luminance (or brightness) 
signal than in the chrominance (or color) sig- 
nals. Consequently, the luminance signal is 
usually sampled at a higher spatial resolu- 
tion. (For example, in broadcast quality tele- 
vision, the digital resolution of the sampled 
luminance signal is 720 by 480 pixels, while 
for the color signals it may be only 360 by 
240 pixels.) Second, the encoded (or com- 


Video data, even 
after 100:1 compression 


can be decompressed 
with close to analog 
videotape quality 





pressed) representation of the luminance 
signal is assigned more bits (a higher dynam- 
ic range) than are the chrominance signals. 

Also, the eye is less sensitive to energy 
with high spatial frequency than with low 
spatial frequency. Indeed, if an image on a 
13-inch personal computer monitor were 
formed by an alternating spatial signal of 
black and white, the human viewer would 
see a uniform gray instead of the alternat- 
ing checkerboard pattern. This deficiency is 
exploited by coding the high-frequency 
coefficients with fewer bits and the low ones 
with more bits. 
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All these techniques add up to powerful 

lossy compression algorithms. In many sub- 
jective tests, reconstructed images that were 
encoded with a 20:1 compression ratio are 
hard to distinguish from the original. Video 
data, even after compression at ratios at 
100:1, can be decompressed with close to 
analog videotape quality. 
STANDARDS. Lack of open standards could 
slow the growth of this technology and its 
applications. Three digital video standards 
that have been proposed are the Joint Pho- 
tographic Experts Group PEG) standard 
for still picture compression; the Consulta- 
tive Committee on International Telephony 
and Telegraphy (CCITT) Recommendation 
H.261 for video teleconferencing; and the 
Moving Pictures Experts Group (MPEG) for 
full-motion compression on digital storage 
media (DSM). 

JPEG’s proposed standard is a still- 
picture-coding algorithm developed by a re- 
search team under the auspices of the In- 
ternational Standards Organization (ISO). 
The team convened in 1987 and the al- 
gorithm is currently an ISO committee draft 
10918 recommendation. The scope of the al- 
gorithm is broad: it comprises a baseline 
lossy approach and an extended lossless ap- 
proach, as well as independent functions 
using coding techniques different from the 
baseline one. Only the first approach 
will be discussed here. 

The JPEG baseline algorithm falls 
under the heading of transform-based 
image coding. A color image can be 
represented in different color systems. 
Those in wide use today include R-G- 
B (the three primary colors red, green, 
and blue) in the computer industry; Y- 
U-V (¥Y for luminance or brightness, U 
and V for color difference signals Y-R 
and Y-B, respectively) in the television 
industry; and C-M-Y-K (cyan, magen- 
ta, yellow, and black) in the printing in- 
dustry. Within each color system, the con- 
stituent parts are called components. Thus, 
there are three color components in the R- 
G-B system, four in the C-M-Y-K system. 

Each component of the source image in 
the JPEG encoder and decoder is divided 
into non-overlapping blocks of 8 by 8 pixels 
[Fig. 1]. Each block is then transformed 
using the two-dimensional discrete cosine 
transform (DCT) with an 8-by-8 kernel. 

The resulting 64 coefficients, computed 
as a2-D array of 8-by-8 numbers, represent 
the frequency contents of the given block. 
The DCT coefficient value in the upper left- 
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hand corner of the 2-D array measures the 
energy of the zero-frequency or direct cur- 
rent (dc) term. (For example, if the original 
8-by-8 image has a constant value, then only 
the dc term in the transformed space is non- 
zero.) The other 63 entries are alternating 
current (ac) coefficients; they give the rela- 
tive strengths of signal terms with increas- 
ing horizontal frequency from left to right 
and for terms with increasing vertical fre- 
quency from top to bottom. 

Next, the DCT coefficients are quantized. 
The quantization step size varies with fre- 
quency and component. The dependence on 
frequency reflects the fact that the high- 
frequency coefficients subjectively matter 
less than the low-frequency ones and may 
therefore be quantized with a larger step size 
(that is, more coarsely). In addition, an in- 
dividual component may have its own quan- 
tization table. In the committee draft of the 
JPEG algorithm, up to four quantization ta- 
bles are allowed. 

Following quantization, the coefficients 
are re-ordered into a one-dimensional array 
by reading out the entries of the two- 
dimensional array along a zigzag route. In 
this way, the quantized coefficients are ‘‘ap- 
proximately’’ arranged in order of ascend- 
ing frequency. 

Next, the dc and ac coefficients are loss- 





Defining terms 


Discrete cosine transform (DCT): conversion of 
time-domain into frequency-domain data. 
Entropy coding: an efficient coding method that 
encodes frequent events with fewer bits than it does 
infrequent events. 

Huffman coding: a type of entropy coding that uses 
predetermined variable-length code words. 
Inverse discrete cosine transform (DCT): data 
conversion from the frequency into the spatial 
domain. 

Inverse quantization: scaling up of previously 
quantized data into larger-range numbers. 

Joint Photographic Experts Group (JPEG): a 
group of engineers and scientists from many com- 
panies worldwide seeking to formulate a standard 
method for the compression and decompression 
of still-frame, continuous-tone, photographic (gray- 
scale or color), digitized images. 

Moving Pictures Experts Group (MPEG): a group 
of industry experts seeking a standard for coded 
representation of video and associated audio for dig- 
ital storage media. 

Predictive coding: the coding of each pixel by 
quantizing the difference between its current value 
and a predicted value, computed from past values. 
Quantization: a process whereby data represent: 
ed by many bits is scaled down to a lower-precision 
value requiring fewer bits. 

Transform coding: mapping (or transforming) pixels 
of images from one domain (spatial, say) into an- 
other (such as frequency). 

Variable-length coding: encoding so as to create 
code words of variable number of bits [see Huffman 
coding]. 

Variable-length decoding: decoding of code 
words of variable length into raw data. 
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Joint Photographic Experts Group encoder and decoder 
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[1] The baseline algorithm for the compression of still images included in the Joint Photograph- 
ic Experts Group ([PEG) proposed standard divides the image into 8-by-8 pixel blocks, represented 
here by a 4-by-4 block for simplicity. In the encoder, the 16-level gray-scale image is first digi- 
tized, then undergoes a discrete cosine transform (DCT) that yields 16 frequency coefficients. 
The two-dimensional array is read in a zigzag fashion to reorder tt into a linear array. The 
coefficients obtained by quantization—here just dividing by 10—are then coded using the Huff- 
man table, shown here in a simplified version. 

The decoding path takes the variable-length coding (VLC) output as input and recovers the 
quantized coefficients, multiplies each by 10 (inverse quantization) and turns the linear array 
into a 2-D one through an inverse zigzag operation. An inverse DCT operation subsequently 
yields a 40-bit image, representing a compression ratio of 1.6:1 here. Much higher ratios can 
typically be achieved. 
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lessly encoded, both using Huffman-style 
coding but keyed with different parameters. 
Huffman coding is a well-known means of 
reducing the number of bits needed to rep- 
resent a data set without losing any infor- 
mation. The dc coefficients are differentially 
encoded so that the dc coefficient of the 
previous 8-by-8 block of the same compo- 
nent is used to predict the dc coefficient of 
the current 8-by-8 block and the difference 
between these two dc terms is encoded. 
The Huffman code table for the dc term is 
based on the difference values. 

The zigzag-coded ac coefficients are first 
run-length coded. This process reduces 
each 8-by-8 block of DCT coefficients to a 
number of events. Each event represents a 
nonzero coefficient and the number of 
preceding zero coefficients. Since the high- 
frequency coefficients are more likely to be 
zero, Huffman-coding these events makes 
it possible to achieve efficient compression. 

The JPEG baseline algorithm provides for 
up to two tables each for dc and ac coeffi- 
cient coding. In JPEG decoding, the encod- 
ing algorithm is simply run in reverse, and 
it is therefore commonly described as a sym- 
metric algorithm. 

As for videotelephony, the CCITT 
Recommendation H.261 specifies a meth- 
od of communication for visual telephony. It 
is often called the p*64 standard because the 
data rate on the communication channel is 
p times 64 kilobits per second, where p is 
a positive integer less than or equal to 32. 
For p=1, then, a low-quality video signal for 
use in picture phones can be transmitted 
over a 64-kb/s line. If p=32, a high-quality 
video signal for teleconferencing can be 
transmitted over a 2-Mb/s line. 

The standard specifies the organization 
and interpretation of the transmitted bits so 
that two coder-decoders (codecs) from 
different manufacturers may successfully es- 
tablish a videoconferencing session. A 
CCITT encoder is more complicated than 
the JPEG encoder, although one can distin- 
guish familiar functional blocks such as the 
DCT and the quantizer [Fig. 2, top]. The 
decoder, however, is less complex [Fig. 2, 
bottom]. 

A detailed description of the baseline al- 
gorithm is beyond the scope of this article. 
Instead, an overview of the techniques used 
will be given. 

The CCITT coder is called hybrid because 
it combines transform coding—it is also 
DCT-based—with predictive coding, in 
which a block in the current frame is predict- 
ed from a block in the previous frame using 
a feedback loop. (In contrast, the JPEG al- 
gorithm basically operates in an open loop 
and is reset at the end of each image.) It is 
this inter-frame prediction that results in a 
higher compression ratio. 

Also, instead of basing predictive coding 
purely on the difference between the cur- 
rent frame and the reconstructed image in 
the frame memory, the CCITT H.261 stan- 
dard has an optional specification for motion 
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compensation. This increases the predictive 
coder’s efficiency at tracking the inter-frame 
motion and hence its success at bit rate 
reduction. 

PROPOSED FULL-MOTION STANDARD. Like 
H.261, the MPEG proposed standard is a 
full-motion compression algorithm with both 


the data rate may not exceed the 1.5 Mb/s 
of today’s digital storage media. (There are 
ongoing development efforts to increase the 
data transfer rate for next-generation 
media.) Present media include compact disc 
drives, digital audio tape (DAT) drives, and 
magnetic hard disks. 








intra- and inter-frame modes. Unlike H.261, The standards committee for MPEG has 
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[2] The first of a sequence of frames is intracoded in the full motion compression scheme pro- 
posed by the Consultative Committee for International Telegraphy and Telephony (CCITT). 
Like JPEG, each 8-by-8-pixel block of the frame is encoded with the discrete cosine transform 
(DCT) and then quantized (top). At point [1], there are two signal paths: one leads toward 
a receiver through a lossless coder and optional error-correction circuitry; the other—a 
feedback—ts inverse quantized and undergoes inverse DCT to yield a reconstructed block for 
storage in frame memory. Reconstruction is needed because inter-frame compression uses 
predictive coding, which requires the encoder to track the behavior of the decoder to prevent 
the decoder’s reconstructed image from diverging from the original input. The coder can be 
bypassed (instead of the signal being taken at [2]) because it is lossless and without influence 
on the reconstruction process. When the entire frame has been processed, a reconstructed image 
as seen by the decoder is stored in the frame memory at [3]. Next, inter-frame coding is ap- 
plied. To compensate for motion, each 8-by-8 block in the current frame is matched with a 
search window in the frame memory. Then the motion vector that represents the offset between 
the current block and a block in the prior reconstructed image that form the best match [4] 
is coded and sent to the receiver. The predictor at [5] gives the motion-compensated 8-by-8 
block from the reconstructed frame. The difference between this and the original block is trans- 
form coded, quantized and coded before being sent to the receiver. The CCITT decoder (bot- 
tom) first corrects incoming bit stream errors, and then decodes the data in the variable-length 
decoder. Passage through the inverse quantizer and the inverse DCT yields the DCT coeffi- 
cients. At [1], a block like one in the encoder’s feedback loop has been reconstructed and stored 
in the frame memory. In inter-frame mode, motion vectors extracted from the variable-length 
decoder are used to provide the location of the predicted blocks. 
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not completed its work and the system and 
audio specifications remain in flux. To a 
large degree, the functionality of the H.261 
encoder block diagram applies. However, 
the specifics of quantization and motion es- 
timation/compensation and coding are 
different. 

Recently a second phase of standardiza- 
tion dubbed MPEG-2 has begun. Its aim is 
efficient coding for up to 10 Mb/s with the 
further goal of higher-quality results. 
SILICON SOLUTIONS. Many digital video ap- 
plications will require low-cost silicon im- 
plementations to become broad-based. To- 
ward the end of 1990, there was a flurry of 
announcements of chip set solutions for 
image and video compression. Some are 
nonstandard approaches; others conform to 
such draft standards as JPEG and H.261. 

Solutions for JPEG were offered first by 
C-Cube Microsystems Inc., San Jose, Calif., 
then by LSI Logic Corp., Milpitas, Calif. The 
former is a single-chip CL550 announced in 
late 1989 and conforms to an early revision 
of the JPEG draft. The company is current- 
ly reworking the design to meet the latest 
JPEG specifications. LSI Logic’s semi- 
custom two-chip solution combines the 
L64735 DCT processor with the L64745 
quantizer plus JPEG variable-length coder. 
The partitioning into two chips kept costs 
down because smaller die have higher yields 
and can reside in cheaper plastic packages. 

The architectural approaches of C-Cube 
and LSI Logic are similar. Both the CL550 
and the LSI parts implement the JPEG al- 
gorithm, but the user may change such 
JPEG parameters as image resolution, num- 
ber of components, and the quantization and 
Huffman code tables used. 

H.261 products are available from LSI 
Logic and Graphics Communications Ameri- 
ca Ltd. (GCA), Glen Ellyn, Ill. LSI Logic an- 
nounced a seven-chip building block family 
for general full-motion video encoding and 
decoding (including H.261) in September 
1990, and GCA followed with a 12-chip build- 
ing block family about a month later. Both 
are best classified as function-specific video 
codec building blocks. 

The LSI Logic line consists of four pro- 
cessors and three coding and decoding chips. 
The processors are the L64720 for motion 
estimation, the DCT L64730, the L64740 for 
quantization and L64760 for intra/inter-frame 
decision. The other three chips are the 
L64715 Bose-Chaudhuri-Hocquenghen 
(BCH) error-correcting codec, the L64750 
H.261 variable-length encoder and L64751 
H.261 variable-length decoder, all specific 
to H.261. 

The four processors may be used in any 
transform-based compression system. For 
instance, the MPEG video coding loop 
(minus the variable-length coder) can be 
built with the LSI chips. 

DESIGN FLEXIBILITY. Function-specific build- 
ing blocks give video system designers the 
freedom to configure their own compression 
architecture at a system level. The parts do 
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Image compression boards that comply with the Joint Photographic Experts Group (JPEG) 
proposed standard are becoming available. The one shown here—Visionary JPEG Compres- 
sion Engine from Rapid Technology Corp., Amherst, N.Y.—has three LSI Logic Corp. ICs 
performing raster-to-block conversion, the discrete cosine transform, and quantization and 
coding. Its connection to Rapid Technology’s Visionary Video Board (in the back) allows real- 
time video data or stills to be directly transferred between the two boards. 


not require complicated microcode and are 
generally easy to use. 

In the category of proprietary solutions, 
there is a two-chip set from Intel Corp., 
Santa Clara, Calif., and a single-chip from 
UVC, Irvine, Calif. The two-chip Intel i750 
comprises a pixel processor and a display 
processor, both components of Intel’s Digi- 
tal Video Interactive (DVD) architecture. The 
pixel processor has a 48-bit-wide microcode 
instruction and supports the compression 
and decompression of images and motion 
video. It also synthesizes graphics primi- 
tives. The display processor takes bitmaps 
from memory and displays them on the CRT. 
Since May 1990, Intel has been shipping a 
software product using the chips to perform 
compression and decompression based on 
a vector-quantization algorithm achieving 
real-time performance for 256-by-240-pixel 
images. A feature of Intel’s approach is its 
programmability. 

In its product announcement, UVC claims 
a chip capable of real-time 500:1 compres- 
sion, using purely intra-frame techniques. 

One other company, SGS-Thomson 

Microelectronics, Phoenix, Ariz., has an- 
nounced parts suitable for use in a compres- 
sion system. It has several DCT processors 
(STV3200, STV3208, and A121) and a mo- 
tion estimation processor (STV3220). 
A DIGITAL TREND. Many new applications in 
video technology will be digital, as is under- 
scored by the Federal Communications 
Commission’s recent statement that it favors 
an all-digital HDTV approach. In the com- 
puting arena, interest is already growing in 
the integration of video with graphics and 
audio. Often referred to as ‘‘multimedia’’ ap- 
plications, these will be used in interactive 
education, next-generation graphics sys- 
tems, network videoconferencing, and other 
user-friendly systems. 





In short, the technology encompassing 

digital video and audio integrate the worlds 
of broadcasting and communication with the 
world of computing. Ten years from now, 
these three industries will not be distin- 
guishable. 
TO PROBE FURTHER. Two textbooks with good 
discussions of general image encoding tech- 
niques are Digital Image Processing by Wil- 
liam K. Pratt John Wiley and Sons, New 
York, 1991) and Digital Image Processing by 
Rafael C. Gonzalez and Paul Wintz (Addison- 
Wesley, Reading, Mass., 1986). Arch C. 
Luther wrote an JEEE Spectrum article on 
interactive digital video (DVI) technology in 
September 1988, and subsequently authored 
a definitive book on DVI technology entitled 
Digital Video in the PC Environment, 2nd 
edition (McGraw-Hill, New York, 1990). An- 
other recent book on HDTV is entitled 
HDTV: Advanced Television for the 1990s by 
K.Blair Benson and Donald G. Fink 
(McGraw-Hill, New York, 1991). 

The April 1991 issue of the Communica- 

tions of the Association for Computing Ma- 
chinery (CACM) was devoted to emerging 
compression standards with relevance to 
digital multimedia. 
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ELC” and SPARCstation IPX™ Yes, you'll = 

be impressed with their specs. Really nu mbers in 

impressed — especially: considering the 


price. 


















But step away from the hardware a 
bit, and you'll discover other numbers 
that are just as powerful. 

Consider, for instance, that SPARC- 


station is the Number One selling work- 





station family available today. It’s a com- 
forting fact in a world of ever-changing 
vendor alliances, consortiums, and deal- 
making. 


Or that SPARCstation is famed for 





making tremendous power increasingly 


affordable (our new $4,995 SPARCstation 

ELC — a 20.3 SPECmark power- 

house — is a good example). 
The 475,000 Sun workstations and 


servers that are up and running make 


The new $4,995 SPARCstation ELC gives you more than twice 
the power of our previous entry-level monochrome workstation: 
20.3 SPECmarks from a single 33-MHz chip that performs 
both integer and floating-point calculations. Load it with up 
operating system. And since software to 64 MB of memory, and up to 5.2 GB of external storage. 
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developers go where the users are, you 
can imagine how much your company 
can get done on a Sun. 
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a closer look at our SPARC stations, 
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world have thus far invested $9 billion 
in Sun systems. Honestly, if that isn’t 
reassuring, what is? 

Perhaps this: Every system we sell 


is supported by a force of 16,000 tech- 
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nical experts worldwide, through more 
than sixty service partners. If 
you ever need help, they can 

provide it. 
Hopefully, these are the kind of num- 
bers you like to hear. In which case we'd 


like to offer one more: 1-800-426-5321, 


ext. 275. Call, and we'll send all sorts of 
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The new $11,995 SPARCstation IPX is the lowest-cost acceler- 

ated graphics workstation we've ever offered. Its GX accelerator useful information about our new 
is on the motherboard, freeing up an expansion slot. Its 40-MHz 
integrated integer floating point processor performs up to 24.4 SPEC- 
marks. (Color monitor available at additional cost). Numbers, certainly. But a few more 
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EDUCATION/TELECOMMUNICATIONS 


Teaching information networking 


Business and public policy, 
as well as computers and 
telecommunications, are 
studied in a new integrated 
program at Carnegie Mellon 


ou have just been assigned 
the job of starting a new de- 
sign project. Your first 
charge is to check the pub- 
lished literature on the sub- 
ject, so rather than go to 
the library, you turn to the 
workstation in your office. 
Using Boolean search operations, you begin 
a traditional key word search in scholarly 
journals to obtain a list of relevant articles. 
As you display the articles on your worksta- 
tion, you browse through the journals for 
other articles that might be helpful. 
Finding a journal that publishes extensive- 
ly in your field, you decide to check the ar- 
ticles in several issues using the ‘‘display 
first page’’ command. With some of the ar- 
ticles, you want the references listed, so you 
use the ‘‘display last page’’ command. You 
also use the ‘‘zoom in’’ and ‘‘zoom out’’ 
commands to examine the diagrams closely. 
This scenario describes an electronic 
library system of the future, perhaps the 
near future. Such an electronic system will 
be part of a world that is coming dramati- 
cally closer to being completely intercon- 
nected by computer and telecommunications 
technologies. But designing such systems 
will require experts in a relatively new and 
evolving discipline: information networking. 
The first master’s degree program in in- 
formation networking was inaugurated in Au- 
gust 1989 at Carnegie Mellon University in 
Pittsburgh. Under the aegis of the new In- 
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formation Networking Institute (INI) there, 
the 14-month program was developed with 
the support of Bell Communications 
Research (Bellcore), Livingston, N.J., the 
research arm of the Bell operating compa- 
nies in the United States. 

Bellcore and the operating companies 
provided a US $1 million start-up grant so 
that a trained pool of people would be avail- 
able to evaluate potential information net- 
working applications and design them for the 
companies’ clients and end-users. According 
to Bellcore, information networking could 
bloom into a large and complex area of study 
much as computer science did in the 1960s. 
AFIRST. Carnegie Mellon is not alone in put- 
ting together a master’s program in informa- 
tion technology. Already master’s programs 
in telecommunications management, infor- 
mation systems engineering, and similar 
subjects exist at such schools as the Poly- 
technic Institute of New York, the Univer- 
sity of Colorado, the University of Pitts- 
burgh, and George Washington University. 
But while these programs tend to combine 
two academic disciplines—for example, tele- 
communications and management or infor- 
mation systems and management—Carnegie 
Mellon’s program is the first to treat infor- 
mation networking in an agenda that includes 
graduate-level study in four academic areas: 
telecommunications, computers, business, 
and public policy. 

The information networking program was 
the brainchild of Irwin Dorros, Bellcore’s ex- 
ecutive vice president of technical services. 
He hopes the progam will not only flourish 
at Carnegie Mellon, but will be picked up 
by other universities as well. 

‘We still have a long way to go to reach 
the full networking capabilities required by 
the Information Age,’’ Dorros said. ‘‘This 
new program recognizes that the informa- 
tion technologies have been merging and ad- 
vancing at an incredible pace. Information 
networking is the engine that will drive bus- 
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iness, industry and, indeed, our society in 
the years to come.”’ 

How that engine will be fueled will require 
a combination of processing, delivering, and 
managing information across both public and 
private networks. But once in place, infor- 
mation networking will enable end-users to 
retrieve information easily from distributed 
sources, carry out a variety of transactions, 
and communicate interactively in multiple 
media—voice, data, text, image, and video. 
Designing such systems, however, will re- 
quire knowledge of such diverse areas as dis- 
tributed computing, high-speed networking, 
protocol analysis, and multimedia displays. 

The Information Networking Institute is 
a joint venture of three Carnegie Mellon 
schools: the Carnegie Institute of Technol- 
ogy (the engineering school), the School of 
Computer Science, and the Graduate School 
of Industrial Administration (the business 
school). Carnegie Mellon faculty retain ap- 
pointments in their traditional academic 
departments, where they remain eligible for 
promotion and tenure. 

Carnegie Mellon professor Marvin Sirbu, 
who was largely responsible for developing 
the institute’s program, recalled that it im- 
mediately attracted a great deal of universi- 
ty support. ‘‘[Information networking] was 
a natural extension and enlargement of 
research and intellectual ideas that already 
existed at the university,’’ he said. 

Students entering the program hold a re- 
cent bachelor’s degree in electrical en- 
gineering, computer science, or a closely 
related field. The curriculum is divided into 
two parts. The first part consists of required 
and elective courses taken in two and a half 
semesters (a total of 35 weeks) while the se- 
cond is a 14-week period devoted to a de- 
sign or research project [see table]. 

Typical technology courses include such 
traditional electrical engineering ones as 
communications engineering and computer 
architecture, plus courses like circuit and 
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1 Each half-semester is seven weeks long. 
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2 Course depends on student’s background. 


IS = Information systems. 
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packet switching developed specifically for 
the program and computer science courses 
in operating systems and distributed systems. 

Business principles are covered in an in- 
troductory course developed for students 
with the technical backgrounds of the 
master’s candidates. Other business courses 
focus on management information systems, 
corporate telecommunications networks, 
and systems design and implementa- 
tion—courses that show how businesses use 
and process information and how to identi- 
fy information networking opportunities. 

The program also covers telecommunica- 
tions and information regulation by govern- 
ment, as well as the use of information net- 
working as an element of competitive 
strategy. Students may also choose from a 
broad range of electives, including software 
engineering, artificial intelligence, and the 
impact of information technology on society. 
GROUP PROJECTS. Students integrate what 
they have learned in either a final project or 
a research thesis. Most participate in a sin- 
gle intensive group design project where 
they apply their information networking 
knowledge to a typical real-world problem. 

Students electing to write a thesis work 
by themselves. Their research is generally 
focused on such information networking 
topics as communications, computer hard- 
ware and software, and applications. 

The previously described electronic li- 
brary system for scholarly journals was a 
final group project. In examining the busi- 
ness and technical possibilities of such a sys- 
tem, the students considered such relatively 
recent developments as large-screen work- 
stations, high-speed networks, and large- 
capacity storage devices—all critical to a 
wide array of information networking sys- 
tems. They then investigated the general ar- 
chitecture for the system; the specification 
of logical entities and their relationships; 
mechanisms for transport and storage of 
documents; a user interface; security 
aspects; and billing fees and arrangements. 

Marketing and legal issues were examined 
as well, and students developed a business 
plan with budgets and schedules for im- 
plementing the system. Implementation 
risks were also considered along with con- 
tingency plans for dealing with them. 
BELL PROGRAM. Another program run by the 
Information Networking Institute is a 
slimmed-down version of the master’s 
program—a 14-week course called the Ad- 
vanced Technology Innovation (ATI) pro- 
gram. Offered only to employees of Bellcore 
and the Bell operating companies, the non- 
degree program is given twice a year on the 
Carnegie Mellon campus. Students select- 
ed by their organizations—65 graduated in 
1990, and a similar number is attending in 
1991—are generally in mid-career with some 
years of experience. Courses are less the- 
oretical and conducted on a more practical 
level than those in the master’s program. 

The ATI program first focuses on the 
study of how companies use information 
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Judging by its graduates’ reactions, the 14-week ad- 
vanced technology innovation (AT!) part of Carnegie 
Mellon's information networking program hit a 
responsive chord. They almost immediately formed 
an alumni association, which held its first annual 
meeting last April in Washington, DC.—a speedy re- 
sponse to a program launched only in the fall of 
1989. Master's program graduates have also joined 
the group. The second annual meeting is planned 
for next April in California. 

“We're setting up an annual refresher conference 
$0 people can stay current in the discipline,” ex- 
plained Quentin Hovland, this year's alumni chair- 
man and an area manager for technology planning 
at Southwestern Bell Telephone Co., St. Louis. A Bell 
System veteran of 20 years, the last five with South- 
western, Hovland is also a spring 1990 graduate of 
the ATI program, which by last summer had about 
120 graduates. He termed the program “an excel- 
lent experience. It gave me a broad perspective on 
technology and how it can be applied, which is crit- 
ical to our future planning.” 

In his job, Hovland is responsible for developing 


technology. It then reviews information net- 
working principles to indicate how network 
technologies can be used in business situa- 
tions. In particular, ATI emphasizes how a 
competitive advantage can be gained by 
using information technology. Where possi- 
ble, case studies are used to add realism. 

The goal is to give ATI students an under- 

standing of emerging information and net- 
work technologies and show how those tech- 
nologies can be applied to business needs. 
The program is taught by Carnegie Mellon 
faculty and staff, researchers from Bellcore 
and the operating companies, as well as 
other lecturers. 
CENTER FOR RESEARCH. The Information 
Networking Institute is also a center for re- 
search that reflects the institute’s interdis- 
ciplinary perspective. Bellcore supports 
many projects undertaken by Carnegie Mel- 
lon faculty from various departments. 
Among the topics being researched are 
methods of resolving inconsistency in dis- 
tributed file systems, the operational and or- 
ganizational implications of electronic docu- 
ment interchange systems, and the future of 
broadband service to the home. 

In one project, for example, switching net- 
works for distributed real-time systems, the 
focus is the viability of packet-switching net- 
works in situations where shared-media, 
local-area networks are commonly used. 
The application currently being considered 
is a large, highly automated factory, with a 
network carrying a mix of voice, image, and 
control information. 

Of particular interest in this project is the 
timely delivery of messages, with timeliness 
critical for some messages but not for 
others. Algorithms are being developed to 
guarantee that certain classes of messages 
will be delivered within set time constraints. 

Initiatives like the Information Network- 
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“from concept to deployment a new way to deliver 
services. It means making changes in just about 
every part of the company.’ The AT! course familiar- 
ized him with the various aspects of service crea- 
tion, he continued. “The phone companies have 
been pretty good at producing specialists; [the ATI 
program] produces generalists.” 

Also pleased with the ATI program is Tom Apple- 
by, manager of strategic planning for technology and 
services at BellSouth, Birmingham, Ala., where he 
has worked for 18 years. ‘‘It combines tele- 
communications with computers and business 
strategy like no other program,” he said. 

Just as impressed with information networking 
as a discipline is Paul Zimmerman, who is on the 
technical staff of Bellcore's Network Transport Re- 
quirements Division, Red Bank, N.J. He was in the 
first master’s program, receiving a degree in Decem- 
ber 1990 that complemented his 1988 Penn State 
BEE. ‘The traditional EE master’s program is too 
narrowly focused, and | wouldn't have had computer 
science or business courses,’ he said. 

—Alfred Rosenblatt 





ing Institute raise issues about the proper 
relationship between industry and academia. 
The master’s program in information net- 
working and the ATI program were created 
in response to a request and with aid from 
Bellcore. But Carnegie Mellon determines 
and controls the content of the master’s pro- 
gram curriculum, and the program is avail- 
able to anyone meeting admission require- 
ments. The non-degree ATI program, on the 
other hand, was developed to meet the 
needs of the companies. Accordingly, Bell- 
core and Carnegie Mellon jointly determine 
the content of the curriculum. 
TO PROBE FURTHER. Information on electronic 
library systems and a full description of Car- 
negie Mellon University’s graduate stu- 
dents’ work on this subject can be found in 
“Development plan for an electronic library 
system,’’ an Information Networking Insti- 
tute technical report. Contact: Information 
Networking Institute, Carnegie Mellon 
University, Pittsburgh, Pa. 15213. 

The strategic use of information technol- 
ogy is treated in Competing in Time: Using 
Telecommunications for Strategic Advantage 
by Peter G.W. Keen (Ballinger, 1986). David 
A. Runge discusses the same subject in Win- 
ning with Telecommunications: An Approach 
for Corporate Strategists (International Cen- 
ter for Information Technologies, 1988). 
ABOUT THE AUTHOR. Alex Hills (SM) was the 
first director of Carnegie Mellon’s Informa- 
tion Networking Institute in Pittsburgh. 
Aside from the time he spent there, he has 
lived in Alaska for over 20 years, working 
at jobs ranging from commercial fisherman 
to radio disk jockey to electrical engineer- 
ing professor. He was extensively involved 
in building Alaska’s rural telecommunica- 
tions network and is currently director of 
telecommunications at the University of 
Alaska in Fairbanks. Sd 
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Ultraviolet light will prove 
good enough for the 
quarter-micrometer 
geometries of even 
256M-bit memory chips 


ptical lithography for IC 
fabrication, only a few 
years ago thought to be on 
its last legs, has now found 
rejuvenation. To the sur- 
prise of many engineers 
who believed the forming 
of such small features was 
possible only with electron-beam or X-ray 
lithography, optical lithography is being used 
to make advanced IC chips, with 0.35-micro- 
meter geometries in research, 0.5 wm in 
production. 

What has encouraged this revival in opti- 
cal lithography has been continuing advances 
in photoresists, phase-shifting masks, high- 
numerical-aperture step-and-repeat optical 
systems, multilevel-resist processing, and 
top-surface imaging techniques. In fact, the 
advances have been so numerous that it now 
appears that X-ray lithography—and its huge 
capital investment—may not be needed until 
the next century. 

With the drive to manufacture ever 
more complex chips, the minimum fea- 
ture size of ICs has been steadily 
shrinking to below 1 ym. The test bed 
for the smaller geometries is the dy- 
namic random-access memory 
(DRAM) IC. 

Unlike the more complicated 
chips—such as application-specific ICs 
(ASICs), microprocessors, and logic 
ICs—DRAMs incorporate many 
repeating cell structures. Because that 
structure makes DRAMs easier to de- 
sign and manufacture, advances in IC pro- 
cessing are first tried out in DRAM manufac- 
turing before they are used to produce more 
complex chips. With mass-produced 64M- 
bit DRAMs now on the horizon, the need 
to fabricate 0.35-um feature sizes becomes 
critical. The key lithography issues for 
DRAMs are resolution, image field size, 
level-to-level alignment, wafer size, and 
photomasks. 

To develop a perspective on DRAM 
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lithography needs today, the Soft X-Ray 
Lithography Workshop held last January at 
the Lawrence Laboratory, Berkeley, Calif., 
drew on information from industry, acade- 
mia, and government. Workshop par- 
ticipants found that optical lithography will 
be sufficient for the next few generations of 
DRAMs, and that X-ray lithography will not 
be needed until about the year 2000, when 
1G-bit DRAMs will make their appearance 
[Table 1]. This prediction is from an indus- 
try group that could be regarded as advo- 
cates of X-ray lithography. 

Historically, DRAM cell density (cells per 
square centimeter) has increased by a fac- 
tor of 3 for each new generation, which oc- 
curs nearly every three years, with lithog- 
raphy accounting for two-thirds of the 
increase and semiconductor technology for 
one-third. Further, each generation has ex- 
perienced a fourfold increase in bits per chip. 
Both the increase in chip area with each 
generation and the reduction in minimum de- 
sign rules present serious challenges for the 
lithographer. Enlarging the chip area in- 
creases the probability of incurring chip 
defects, thus limiting manufacturing yield. 
The industry’s demand for smaller design 
rules means higher precision in feature size 
control, which explains why photoresist and 
lithography equipment suppliers continual- 
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ly strive to improve resolution. 

A challenge for optical stepper manufac- 
turers is the need to simultaneously enlarge 
field size and increase resolution, both of 
which are tightly coupled in lens design and 
manufacturing. These needs require care- 
ful attention to various lens residual aber- 
rations such as spherical aberration, coma, 
astigmatism, field curvature, and 
distortion—all of which will limit both the 
field size and resolution. 

For example, lens distortion is one of the 
prime factors affecting lens performance, 
and enlarging the lens image field size re- 
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Optical lithography stalls X-rays 


quires a distortion correction in proportion 
to the cube of the image field. This involves 
eliminating all possible distortion in both de- 
sign and manufacture. By intentionally 
lowering design tolerances for aberration 
components and minimizing manufacturing 
imperfections of lens defects, optical lithog- 
raphy stepper suppliers have been able to 
meet the demands of the IC industry. 

UV DOMINATES. Of all lithography techniques, 
optical lithography based on ultraviolet (UV) 
light in the 200-400-nanometer range con- 
tinues to be the predominant system for IC 
manufacturing technology [see Table 2 for 
basic characteristics of optical and nonopti- 
cal techniques]. The ultimate resolution 
potential of optical lithography appears to be 
near 200 nm. 

Near-UV technology, which includes 
broadband, g-line (436-nm), and i-line (365- 
nm) imaging, continues to dominate because 
of the maturity of both its optical compo- 
nents and its photoresist chemistry. Sever- 
al types of near-UV projection printing sys- 
tems are commercially available and in 
production. These include 1x step-and- 
repeat and 1x scanning systems, both using 
reflective lens elements and broadband ex- 
posure sources. 

Supplanting them are 5x stepping reduc- 
tion systems based on refractive optic ele- 
ments and monochromatic exposure 
sources. Because the 1x systems have 
fewer lens elements and benefit from 
symmetry, they have smaller asym- 
metric lens distortions and aberrations 
than their 5x counterparts. They also 
have larger image field sizes. 

However, the 1x scanning systems 
have fallen out of favor for more ad- 
vanced technologies because of the dif- 
ficulty of manufacturing submicrome- 
ter 1x masks. (With 5x reduction 
masks, errors in feature size and 
defects are reduced by a factor of 5 dur- 
ing pattern transfer to the wafer.) Further- 
more, 1x scanners have insufficient depth 
of focus across large wafers, and so require 
steppers. But they are used quite common- 
ly in combination with reduction systems for 
those masks whose minimum features are 
1 pm or larger. 

LESS URGENCY. Deep-UV lithography is not 
yet accepted for production processes for 
several reasons. Most important is the lack 
of commercially available positive- and nega- 
tive-tone photoresist systems for deep-UV 
wavelengths. (Deep-UV lithography needs 
both positive and negative.) In addition, 
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Lens system 


Mask 


shifter 


Amplitude of light 
at mask 


Amplitude of light 
at wafer 


Intensity 
at wafer 


negative-tone resists are temperature- 
sensitive and therefore hard to handle in a 
manufacturing environment. Also, extensive 
gas-handling facilities are required for deep- 
UV excimer laser sources, and optical com- 
ponents have to be replaced often because 
the intense laser energy devitrifies lenses 
quickly. Fortunately for process managers, 
the recent advances in i-line technology 
make acceptance of deep-UV lithography 
less urgent. 

The key parameters in lithography are 





Defining terms 


Excimer laser: a coherent light source based on 
krypton fluoride, krypton chloride, argon fluoride, and 
fluorine species. 

g-line: the 436-nm wavelength of the UV light 
spectrum. 

i-line: the 365-nm wavelength of the UV light 
spectrum. 

Negative-tone photoresist: a photoresist in which 
unexposed regions are more soluble than exposed 
regions. 

Novolac resin: a phenolic polymer; the major com- 
ponent of positive-tone photoresists for near UV. 
Numerical aperture (NA): the acceptance angle 
of a lens. 

Photoactive component (PAC): the species in a 
photoresist that is sensitive to incident radiation; for 
positive photoresists, usually a diazonaphtho- 
quinone. 

Positive-tone photoresist: a photoresist in which 
exposed regions are more soluble than unexposed. 
Photoresist: photosensitive polymer films used to 
transfer patterns in IC manufacturing. 

Stepper: a machine that applies patterns on wafers 
by repeating, or stepping, an image across the 
wafer’s surface. 
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Optical phase-shifting lithography 


Phase-shift mask Conventional mask 








[1] Ina basic form of phase shifting, every other element in a closely packed mask con- 
tains a phase shifter—an extra patterned layer having a high refractive index. By shift- 
ing the phase of the light passing through it, the shifter creates interference. As a result, 
the light amplitude at the mask varies from 1 to 0 to -1, whereas it varies only from 
1 to 0 at a conventional mask. This greater variation at the phase-shifted wafer pro- 
vides a considerably wider range of both intensity and amplitude. The intensity, which 
is proportional to the square of the amplitude, restores the spatial frequency of the mask 
openings, but with far greater contrast and, therefore, resolution. 
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minimum resolvable feature size and 
the depth of focus. Both are related 
to the wavelength of light and the lens’s nu- 
merical aperture (NA) by the Rayleigh 
criteria. According to the criteria, the size 
of the minimum resolvable feature varies 
directly with the wavelength and inversely 
with NA, with a constant of proportionality 
of k,. Depth of focus also varies directly with 
wavelength but inversely with the square of 
NA, with a constant of proportionality of k, 

The constants are functions of the pho- 
toresist, the stepper lens, and the substrate. 
Until recently, k, values of about 1 were 
common in production processing. With new 
photoresist systems, however, values are 
about 0.8 for production and 0.48 for con- 
trolled laboratory processing. For an opti- 
cal system at its diffraction limit, k, is 0.5. 

For a given resolution, the optical system 
using the shorter wavelength will have the 
largest depth of focus. That is why i-line 
technology, with its shorter wavelength than 
g-line, has gained such attention over the 
past two years. Adequate depth of focus is 
essential for maintaining tight process con- 
trol, especially when stepper repeatability 
and wafer topography are an issue. Just as 
a snapshot camera is hard to focus on two 
objects at different distances, the photolitho- 
graphic process finds it difficult to focus 
simultaneously on the peaks and valleys of 
the IC wafer below it. 

Previously, i-line lithography was thought 
to be a transition technology between the 
workhorse g-line technique and the new- 
comer, deep-UV lithography. Now, with the 
rapid availability of optics having high trans- 
mittance and tight tolerances of index of 
refraction for i-line, a new generation of i- 
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[2] From top to bottom, lines and spaces in 
right-hand structures are 50, 45, 40, and 35 
pm wide. The pattern in silicon was made 
with an ASM 1-line stepper and KTI Chemi- 
cals i-line photoresist. 


line stepper systems has emerged. At the 
Society of Photo-optical and Instrumentation 
Engineers (SPIE) Microlithography Sympo- 
sium last March in San Jose, Calif., several 
major stepper manufacturers, including 
Canon U.S.A. Inc., GCA Corp., Nikon Pre- 
cision Inc., and ASM Lithography Inc., 
presented test results on new i-line steppers. 
They had 0.50-~m resolution for manufac- 
turing 16M-bit DRAMs as well as ultimate 
resolution of 0.35 wm. Such continued im- 
provement in lens optics, in conjunction with 
fewer lens defects, will provide imaging 
capability near the diffraction limits of an op- 
tical lens. 

Optical phase-shifting masks have also 
shown promise in improving resolution and 
depth of focus. These shifting masks are 
two-level mask structures that can improve 
resolution in optical lithography systems 25 
to 100 percent by using interference to can- 
cel diffraction effects. The concept, first in- 
troduced by Marc O. Levenson and co- 
workers at IBM Corp. in 1982, has attract- 
ed serious interest over the last year. Ini- 
tially Levenson proposed an alternating 
phase-shifting technique, applicable for pat- 
terning line and space pairs. Since then, a 
myriad of other techniques have quickly 
evolved from this approach to address the 
various other patterns in IC processing; for 
example, subresolution, rim, and attenuat- 
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Lithography without light 


Electron-beam lithography, in which electrons trace a pattern in photoresist, 
can resolve details as small as 0.10 4m. But it is slow (wafer throughput is 
low) and equipment is expensive. (An electron-beam lithography machine costs 
about US $4-$5 million; an optical lithography machine costs about $1.6 
million.) Electrons also tend to scatter in the photoresist and wafer substrate 
during patterning—causing what is called the proximity effect, where dense 
patterns become distorted unless proximity correction techniques are used. 

As a production tool, electron-beam lithography is largely limited to fabri- 
cation of photomasks and short-run application-specific ICs. Electron flood 
exposure and electron projection systems now under development at AT&T 
Co. and Hitachi Ltd. may improve throughput, but as yet they are not com- 
mercially available. 

lon-beam lithography has also been pursued as a potential submicrome- 
ter lithography system. Because ions are more massive than electrons, they 
scatter much less and therefore require virtually no proximity corrections, 
providing inherently better resolution than electron-beam lithography. Unfor- 
tunately, ion-beam lithography is used only in R&D work because of the lack 
of readily available, reliable ion sources and the greater maturity of competi- 
tive electron-beam equipment. 

Xray lithography overcomes many of these limitations and offers resolu- 
tion potential down to 0.02 um with high throughput. These benefits have 
made it an attractive approach for achieving submicrometer resolution in a 
manufacturing environment for future dynamic RAM technologies. Also, since 
the low energy of soft X-rays (04-5 nm) eliminates scattering effects, they 
require no proximity corrections. Finally, soft X-rays offer low photoresist ab- 
sorption and a large depth-of-focus latitude, which results in straight-walled 





Despite the advantages of X-ray lithography, several challenges still hinder 
its progress. Heading the list are fabrication problems for membrane masks, 
which, being different from the masks used for optical lithography, are more 
difficult to pattern and repair. And conventional X-ray tubes are not bright 
enough for production service; they are now practical only for R&D applications. 

Where higher intensity is needed, two new sources of X-rays are plasma 
and synchrotron radiation. A single synchrotron source can support multi- 
ple lithography systems, but its cost and size requirements have been a major 
barrier for many IC manufacturers. Plasma-based sources are more conven- 
tional in size and more cost-effective, but they deliver less power than syn- 
chrotron radiation and consequently wafer throughput is marginal. Addition- 
ally, plasma-based systems require optical elements with highly perfected 
reflective properties. For example, lens elements have a tolerance of less than 
1 nm over an entire surface, which is several orders of magnitude finer than 
lens elements used in optical steppers. 

The major US. efforts for X-ray lithography are at IBM Corp. and AT&I Co., 
where two different approaches are in place. IBM is committed to 1x prox- 
imity X-ray lithography using a synchrotron source, while AT&T is pursuing 
a projection system with a plasma source. 

IBM has already fabricated 0.5-~m CMOS devices with this technology. 
According to an IBM spokesman at the Berkeley Soft X-ray Lithography Work- 
shop, the company has scheduled full production of 0.25-~m memory devices 
for 1997. Also participating in the project are Motorola Inc. and Siemens AG. 
In Japan, consortia reportedly are developing 10 synchrotron lithography sys- 
tems. Because of the extremely high capital expense and the fabrication space 
requirements of X-ray lithography, other manufacturers have yet to announce 


profiles in thick films. 


plans in this arena. 
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ed phase shifting—and various combinations 
of these techniques—are being tried. 
HIGHER CONTRAST. Phase shifting uses the in- 
terference effects of coherent light to form 
a higher-contrast image on the wafer plane. 
This produces higher resolution, larger ex- 
posure latitude, and greater depth of field 
[Fig. 1]. Currently several major IC manu- 
facturers are exploring phase-shifting masks 
and i-line technology for 64M-bit DRAM 
production. Fujitsu Ltd., Toshiba Corp., and 
Matsushita Electric Industrial Co. have al- 
ready announced success with this approach 
for building fully functional 64M-bit DRAM 
devices in the laboratory. 
Phase-shifting masks can extend i- 
line technology to the 0.35-um limit and 
perhaps beyond for 64M-bit DRAM 
production. However, this technology 
requires a new level of mask fabrica- 
tion technology and the development 
of new computer-aided design software 
that can place phase-shifting structures 
in the circuit pattern design. It will be 
interesting to see if phase-shift masks 





of the photoresist film. (In contrast, in single- 
layer positive resists, pattern transfer occurs 
through the entire depth of the film.) 
The top surface then provides a mask for 
pattern transfer to the underlying photo- 
resist. The effect of thin-film interference 
within the photoresists is thus suppressed, 
reducing both depth of focus and exposure 
latitude. These techniques have a resolution 
equal to or better than the Rayleigh limit. 
Receiving the most attention among these 
techniques is the contrast enhancement 
layer (CEL) method, a two-level resist pro- 
cess. A photobleachable film of the CEL ma- 


Optical phase-shifting 
masks can improve 


resolution by up to 
100 percent 











serve deep-UV lithography down to 
193 nm. If so, they could provide 0.15 hm 
resolution and hence minimize the need for 
X-rays. Much more work in this area needs 
to be, and assuredly will be, done over the 
next few years. 

Other opportunities for improving reso- 
lution and depth of focus include multilevel 
resist processing and top-surface imaging. 
These techniques overcome the effects of 
substrate topography, substrate reflectivity 
variations, and depth of focus limitations. 
They perform pattern transfer where opti- 
cal imaging occurs, within a thin top surface 
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terial is coated on a conventional photoresist 
film. Once exposed, the CEL material be- 
comes transparent in the exposed regions 
and remains opaque in the unexposed 
regions, forming a contact mask, which en- 
hances contrast. 

Although top-surface imaging and 
multilevel-resist processing have demon- 
strated some advantages, they have not en- 
joyed wide use in optical lithography produc- 
tion because of their processing complexity 
and cost. However, as the frontiers of opti- 
cal lithography are continually pushed, these 





techniques will continue to be reexamined 
and will ultimately provide the benefits 
needed for extending optical lithography. 

Meanwhile, harnessing the full potential 
of single-layer photoresist processing is still 
one of the most attractive possibilities. Re- 
cent research has led to new single-layer 
photoresist materials with higher contrast. 
The greater photoresist contrast means im- 
proved resolution, depth of focus, and line- 
width control. Higher-contrast resists en- 
hance a weak stepper optical image and pro- 
duce a more pronounced and better defined 
photoresist pattern. Improving photoresist 
contrast is the most cost-effective and 
manufacturing-worthy method of ex- 
tending a lithography process. 
POSITIVE AND NEGATIVE. Photoresist 
materials can be classified as either 
positive or negative tone according to 
their response to light. A positive-tone 
photoresist dissolves more readily in 
solvents in exposed regions than in un- 
exposed regions, while a negative-tone 
photoresist provides the opposite ef- 
fect. For years, negative-tone resists 
represented the main approach in the IC in- 
dustry. The two major types of negative 
resists are two-component bisarylazides (cy- 
clized polyisprene) and the one-component 
copolymer of glycidyl methacrylate and ethyl 
acrylate (called COP by its developers at 
AT&T Bell Laboratories). COP is an elec- 
tron-beam photoresist; its polymers cross- 
link on exposure to electrons. 

However, they suffered from low ther- 
mal stability, solvent swelling, and inferior 
resolution, and they presented an environ- 
mental hazard because of the base solvents 
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they needed. These deficiencies are large- 
ly avoided in the two-component positive 
photoresist systems currently in use for 
most near-UV optical lithography. Positive 
photoresist formulations are based on a 
novolac resin and a diazonaphthoquinone 
photoactive compound (PAC) dissolved in an 
organic solvent. 

The performance of novolac resists has 
been enhanced by changes in the molecu- 
lar weight and structure of the resin and in 
the PAC molecular structure. These inno- 
vations, plus more accurate modeling of pho- 
toresist chemistry, have enabled major pho- 
toresist suppliers to introduce vastly 
improved new materials. 

KTI Chemicals Inc., Sunnyvale, Calif., 
uses capped novolacs, in which the PAC is 
chemically bonded to the novolac resin. This 
practice adjusts the solubility of the pho- 
toresist and counters the tendency of latent 
images to decay when an exposed pattern 
is not quickly developed. Other agents are 
used to give photoresists greater sensitivi- 
ty and contrast. 

The newest generation of photoresists is 
specifically optimized for i-line lithography. 
These photoresists give manufacturers wide 
latitude in choosing exposure and focus, ac- 
commodating variations in lithographic 
equipment. Being heat-resistant, they can 
withstand the high temperatures of dry etch- 
ing and ion implantation. Since they are also 
more sensitive, they require less exposure 
energy so that wafers can be processed 
faster for greater throughput. With advanced 
i-line equipment, their resolution is so im- 
proved that new photoresists yield lines 0.5 
um wide or less [Fig. 2]. 

All trends indicate a strong bull market for 
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i-line lithography for at least the next four 
years. According to a 1990 survey, U.S. 
domestic consumption of broadband and g- 
line photoresists has begun to shrink, while 
that for i-line photoresist has started a 
speedy, steady growth. 

In comparison, consumption of the newer 
photoresists for X-ray and deep UV are al- 
most microscopic. From 1991 to 1996, i-line 
steppers will account for the bulk of step- 
per purchases, with a peak in the 1994-95 

period [Fig. 3]. A similar 
surge in deep-UV steppers 





should then occur with a 
peak in 1998 to meet lithog- 
raphy requirements for the 
256M-bit DRAM, bridging 
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the gap between i-line and 
X-ray lithography. 

Clearly the emergence 
of i-line lithography, with its 
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Fraction 


improved resolution capa- 
bilities and depth of focus, 
will let IC manufacturers 
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postpone the expense of 
retooling for deep UV and 
X-ray—a daunting expense 
when one considers IBM’s 
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according to predictions. 


Flores and Kirkpatrick—Optical lithography stalls X-rays 
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a = deep ultraviolet 


Source: Rose Associates, Los Altos, Calif. 
[3] Past and future purchases of steppers for submicrometer 
ICs show a peak for i-line machines in 1994-95. Deep-ultra- 
violet machines will not become a major factor until about 1996, 


US $1 billion investment in 
developing synchrotron X- 
ray lithography. Until prob- 
lems with making both X- 
ray and deep-UV produc- 
tion systems viable are fi- 
nally resolved, i-line will 
remain entrenched. 

ABOUT THE AUTHORS. Gary 
E. Flores is a senior tech- 
nical development en- 
gineer at KTI Chemicals 
Inc., Sunnyvale, Calif. His 
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current interests include submicrometer op- 
tical lithography and statistical methods for 
experiment design. He has B.S. and M.S. 
degrees in chemical engineering from the 
University of California at Berkeley and 
Santa Barbara, respectively. 

Bruce Kirkpatrick is national marketing 

manager for KTI. He is a 10-year market- 
ing and sales veteran in the semiconductor 
materials and equipment industry. He has a 
B.S. degree in political science from Witten- 
berg University, Springfield, Ohio. 
TO PROBE FURTHER. Burn J. Lin describes 
phase-shifting techniques in ‘‘Phase-Shifting 
and Other Challenges in Optical Mask Tech- 
nology’’ in Bacus News, February 1991. The 
News, published monthly, contains papers 
and news on IC lithography. Bacus is a tech- 
nical subgroup of the Society of Photo- 
optical and Instrumentation Engineers 
(SPIE), and holds monthly meetings on 
lithographic topics. For information, contact 
Scott Landstrom, DuPont Photomasks, 2235 
Zanker Rd., San Jose, Calif. 

KTI Chemicals sponsors an annual 
Microlithography Seminar, to be held this 
year Oct. 13-15 in San Jose. Contact KTI, 
1170 Sonora Court, Sunnyvale, Calif.; 
408-733-3500. 

SPIE sponsors an annual Microlithogra- 
phy Symposium; for information, contact 
SPIE, Box 10, Bellingham, Wash. 98227- 
0010; 206-676-3290. 

Brian Santo reported on progress in ‘‘X- 
ray lithography: the best is yet to come,”’ 
IEEE Spectrum, February 1989, pp. 48-49. 

For a textbook on IC lithography, see 
Introduction to Microlithography, American 
Chemical Society (1983). Contact: Ameri- 
can Chemical Society, 1155 16th St., N.W., 
Washington, D.C. 20036; 202-872-4600. @ 
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BACK TO BASICS 











Magnetism without magnets 


From Volia’s battery 

there flowed a continuous 
current of electricity that 
was soon shown to 
generate a magnetic field 


odern power and commu- 
nications systems are de- 
signed according to laws 
governing forces between 
electric charges and mag- 
netic poles. Some were 
discovered as early as the 
17th century. Others were 
revealed by scientists in the 18th and 19th 
centuries. Without those laws, electrical engi- 
neering as we know it today would not exist. 

The earliest researchers rubbed fur on 
amber or glass rods to make them attract 
bits of straw or paper. Magnetic forces were 
small, and experimenters confused the 
sources of electricity and magnetism. 
Rumors circulated that magnetic power was 
lost when the amber or glass rods were 
rubbed with garlic and regained when they 
were smeared with goat’s blood. In 1600, 








sion between two small charged spheres is 
inversely proportional to the square of the 
distance between them. 

But it was not until 1800, when Alessan- 
dro Volta in Italy announced the primary 
electric battery, that continuous electric cur- 
rent could be made to flow at an experi- 
menter’s will. Basic to Volta’s ‘‘pile’’ were 
two thin disks of a pair of metals separated 
by a damp pad. He found zinc and silver to 
work best when separated by a disk of card- 
board moistened in brine. Layers of this 
sandwich made up the pile. 

Volta’s invention of the battery opened up 
a whole new field for study. Humphrey 
Davy, in England, for one, used current from 
a voltaic pile in 1807 to isolate sodium and 
potassium by electrolysis. 

In parallel with these discoveries ex- 
perimenters were speculating that electric- 
ity and magnetism were related. The evi- 
dence in favor of a relationship kept 
mounting. Both electric and magnetic forces 
exhibited powers of attraction and repulsion, 
both had positive and negative modes and 
north and south poles, steel needles were 
magnetized by nearby lightning strikes, and 
Benjamin Franklin in 1752 had shown that 
lightning was electrical in nature. But the 





served the generation of a magnetic field by 
a current. His finding set off a frenzy of ac- 
tivity aimed at applying the action. 

The news of Oersted’s discovery reached 
Paris in September 1820, astounding a meet- 
ing of the Académie Royale des Sciences. 
Many members refused to believe the 
announcement—but not André Marie 
Ampere. 

Ampere picked up and ran with Oersted’s 
new theories and within two weeks showed 
that the deflection of the magnetic needle 
could be predicted by what today is called 
the right-hand rule. He also observed that 
a coil of wire carrying a current developed 
magnetic poles and acted as a bar magnet 
without the presence of iron. This device he 
called a solenoid. 

Ampere soon became the leader of elec- 
trodynamics, the name he coined for the 
newly discovered phenomena. His was the 
first experiment in magnetism to be per- 
formed without a magnet, and his work 
made electrodynamics a precise and mathe- 
matical subject. The current-field relation- 
ship is known as Ampeére’s law and is given 
in its original form (courtesy of the Burndy 
Library, Norwalk, Conn.) and in modern no- 
tation in the illustration. In the modern ver- 





William Gilbert, a physician to En- 
gland’s first Queen Elizabeth, cleared 
up much of the confusion in his book, 
de Magnete, in which he described his 
work on magnets. 

In Germany around 1641, Otto von 
Guericke cast a sphere of sulphur and 
charged it by rubbing it with his bare 
hands while it was rotating. It would 
then attract pieces of lint or straw. In 
the most popular theory of the day, 
electricity was a fluid with properties 
that let it penetrate solids. 

Charles Dufay in Paris in 1733 inferred the 
existence of two kinds of electricity— 
vitreous (from glass and silk) and resinous 
(from charged amber and wool). 

These early studies had only static 
charges to work with, such as could be 
stored in a condenser or Leyden jar—a glass 
bottle coated inside and out with a metallic 
film. The inner electrode was charged by 
successive applications of a rubbed glass or 
resinous rod. 

Despite this handicap, Charles Coulomb, 
in 1785, stated a quantitative law of electric- 
ity, the first ever enunciated. He verified 
that the force of either attraction or repul- 
John D. Ryder 
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precise nature of the link between electric- 
ity and magnetism remained unknown. 

The availability of continuous current from 
Volta’s pile set off further studies of the link 
in Europe. Hans Christian Oersted, a profes- 
sor of natural philosophy (physics) at the 
University of Copenhagen, when lecturing 
in 1819, passed a current through a wire lying 
on top of a compass. As the current started 
to flow, he noticed that the needle of the 
compass moved. When the current ceased, 
the needle returned to its original position. 
The effect was found to be circular around 
the wire. 

The Dane experimented for several 
months and in 1820 sent a paper to major 
journals in Europe, announcing he had ob- 
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sion, H is the magnetic field in amperes 
per meter, dl is a vector element of dis- 
tance, C is the integration contour, and 
zis the current passing through the area 
bounded by C. Magnetic fields encir- 
cle currents. 

TO PROBE FURTHER. A few of the many 
books giving further background on the 
developments described in this article 
are: R.S. Kirby et al., Engineering in 
History (McGraw-Hill Book Co., New 
York, 1956) (now in Dover paperback); 
R.A.R. Tricker, Early Electrodynam- 
ics: The First Law of Circulation (Pergamon 
Press, New York, 1965); and Dictionary of 
Scientific Biography, edited by C.C. Gillispie 
(Scribner’s, New York, 1970). Ampeére’s 
own paper appears in the sixth volume of the 
Memories de |'‘Académie Royale des Sciences 
de l'Institut de France (Firmin Didot, Paris, 
1827). 

ABOUT THE AUTHOR. John D. Ryder (F), form- 
er dean of engineering, Michigan State 
University, East Lansing, and now retired, 
lives in Ocala, Fla. He was the Institute of 
Radio Engineers’ president in 1955, its edi- 
tor in 1958 and 1959, and IEEE executive 
vice president in 1974. His latest book, writ- 
ten with Donald G. Fink, is Engineers and 
Electrons (IEEE Press, 1984). Sd 
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Organizations seeking engineers and 
scientists describe their various open- 
ings in the following advertising 
section 

In order to conform to the Age Discrimination in Employ- 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads;’ ‘1-4 years maxi- 
mum experience;’ “up to 5 years experience,’ or ‘10 years 
maximum experience.’ IEEE reserves the right to append 
to any advertisement, without specific notice to the adver- 
tiser, “Experience ranges are suggested minimum require- 
ments, not maximums.’ IEEE assumes that, since advertisers 
have been notified of this policy in advance, they agree that 
any experience requirements, whether stated as ranges or 
otherwise, will be construed by the reader as minimum re- 
quirements only. While IEEE does not ban the use of the 
term “entry level,’ its use is discouraged since, to some, 
it connotes an age rather than an experience designation. 
IEEE accepts employment advertising to apprise its mem- 
bers of opportunities. Interested parties should be aware that 
the political and humanistic values of certain advertisers may 
differ from their own. IEEE encourages employers to offer 
salaries that are competitive, but occasionally a salary may 
be offered that is significantly below currently acceptable 
levels. In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


ADVERTISING RATES 

DISPLAY ADVERTISING RATES—call Spectrum at 
2127057579 

CLASSIFIED 

Positions open—$34.00 per line, not agency- 
commissionable 

Positions wanted—$3400 per line, a 50% discount 
for IEEE members who supply their membership num- 
bers with advertising copy 

All classified advertising copy must be received by the 
25th of month, two months preceding date of issue. 
No telephone orders accepted. For further information 
contact Theresa Fitzpatrick, 2127057578. 

The following listings of interest to IEEE members have 
been placed by educational, government, and industri- 
al organizations as well as by individuals seeking posi- 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga: 
zine, Classified Employment Opportunities Department, 
345 E. 47th St., New York, NY. 10017 
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Washington University seeks qualified candi- 
dates for the position of Professor and Chair of 
the Department of Systems Science and 
Mathematics, with a desired starting date of 
July 1, 1992. We are interested in outstanding 
candidates with a strong research record, with 
a dedication to excellence in undergraduate 
and graduate education and with a demonstrat- 
ed potential for administration and leadership. 
Washington University has a long standing 
commitment to the principle that all candidates 
should be afforded equal opportunity regard- 
less of age, race, sex or physical disability. Can- 
didates must send acurriculum vitae and a list 
of references to: Professor C.I. Byrnes, Search 
Committee for the Systems Science and 
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Employment opportunities 


Mathematics Chair, Campus Box 1040, 
Washington University, One Brookings Drive, St. 
Louis, MO 63130. 


Auburn University, Earle C. Williams Eminent 
Scholar Chair in Electrical Engineering. Nomi- 
nations and applications are invited for the 
Earle C. Williams Eminent Scholar Chair in Elec- 
trical Engineering. Candidates for this chair 
should have achieved national and internation- 
al prominence in digital systems and/or microe- 


lectronics. Applicants or nominees must have 
an earned doctorate, senior academic ex- 
perience, and a documented record of distinc- 
tion in university teaching and research. The 
successful candidate will be expected to pro- 
vide intellectual leadership in his/her area of ex- 
pertise for the Department of Electrical En- 
gineering as well as enrich the scholarly en- 
vironment at Auburn University. Auburn Univer- 
sity is located in the city of Auburn in 
east-central Alabama. This land-grant universi- 








We’re Expanding the Consumer Video Future 
With Our Move to Princeton 


Toshiba America Consumer Products, Inc. has plans for a new generation of consumer 
video products. And therefore, we are relocating to a larger R&D facility with enhanced 
technological capabilities. Engineering professionals who join us now will enjoy un- 
surpassed creative challenges at our new, state-of-the-art complex and opportunities 
to contribute to our international reputation for innovation and quality. 


SYSTEM ENGINEER 
The selected candidate will contribute technically and coordinate technology develop- 
ment for advanced television. In order to qualify for this position, you must possess 
an MSEE and 5-10 years of advanced television hardware systems development 


experience. 


RESEARCH SCIENTIST 


In this position, the professional we choose will develop video image processing and 
compression technology. We require that you have a PhD or MSEE, along with 3-5 
years of image compression and signal processing simulations experience. You must 
also be familiar with consumer electronics hardware. 


SOFTWARE ENGINEER 


In this capacity you will be expected to generate image and signal processing soft- 
ware and oversee our computer system environment. A BSEE or MSEE, 5-7 years 
of experience in computer system architecture and software, and knowledge of DSP 
software are all necessary for this position. 


We offer competitive salaries, generous benefits, and the professional support only 
an industry leader can provide. For prompt, confidential consideration, please send 
your resume, indicating position of interest and salary history to: Manager of Human 
Resources, Toshiba America Consumer Products, Inc., 82 Totowa Road, Wayne, 
New Jersey 07470. No agencies at this time, please. We are an equal opportunity 


employer. 


TOSHIBA 
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ty enrolls more than 21,000 students, the largest 
on-campus enrollment in the state. The Depart- 
ment of Electrical Engineering, one of eight 
departments within the College of Engineering, 
offers Bachelor, Master, Master of Science and 
Ph.D. degrees in Electrical Engineering. The 
department has a current enrollment of 939 un- 
dergraduate students and 100 graduate stu- 
dents. The 28 full-time faculty have an annual 
research expenditure of approximately $2 mil- 
lion. The Search Committee will begin its review 
of applications immediately. Interested candi- 
dates should submit: (1) a detailed resume, (2) 
a letter indicating an interest in the chair, the 
candidates’s academic philosophy, and a brief 
statement of accomplishments in teaching and 
research, and (3) names and addresses of five 
references. Nominations should be submitted 





with the complete name, mailing address and 
telephone number of the individual nominated. 
Applications and nominations should be sent 
to Professor J. David Irwin, Department of Elec- 
trical Engineering, Auburn University, AL 36849- 
5201. Auburn University is an affirmative ac- 
tion/equal opportunity employer. Applications 
from minority and female candidates are en- 
couraged. 


Graduate Assistantships in Optics at CREOL. 
The Center for Research in Electro-Optics and 
Lasers (CREOL) at the University of Central 
Florida is seeking highly qualified applicants 
foranumber of Graduate Assistantships in op- 
tics. Stipends range from $11,000 to $15,000 for 
12 months. Exceptional students will be consid- 
ered for assistantship enhancements up to 
$4,000 through the Litton Foundation and Unit- 
ed Technologies Optical Systems. Degrees of 
MS and Ph.D. in Engineering and Physics are 
offered at UCF. CREOL has 28 faculty positions 
devoted to lasers and optical sciences and en- 


qt Digital Design, Inc. 








We are an expanding technology firm situated near the 
beautiful beaches of Jacksonville, Florida. We’ve become the 
hero of our business niche, and now we're out to win over a 
larger market share and we need talent bordering on 


brilliance. 


We sell numerous systems solutions into large companies 
worldwide. In addition to our successful line of existing 
products, Digital Design initiates the research, development 
and integration of new technology into working products. 
Essentially, the design and implementation of technologies 
not yet conceived. For this reason we require individuals 
with the ability to think innovatively and the knowledge to 
develop ideas in the following positions: 


Engineering Manager 


Individual to lead an experienced staff of hardware engineers. 
Duties involve product development and management, as 
well as design work. 3-5 years management and design 
experience along with a BSEE a must. 


Design Engineer 


Responsible for hardware circuit design and analysis, in 
addition to full custom ASIC design and VHDL level ASIC 
design. Also device level silicon specification, design and 
integration. Comprehensive knowledge and experience in 
hardware at the digital logic level a must. MSEE preferred. 


Qualified applicants send resume and information to: 


Digital Design, Inc. 
8400 Baymeadows Way 
Jacksonville, FL 32256 
Attn: Recruiting Dept. 
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gineering. The academic program includes 
basic Electrical Engineering and Physics 
courses as well as, 23 specialized courses in 
electro-optics and lasers. Current research ac- 
tivities include: laser propagation, laser/mate- 
rial interaction, nonlinear optics, integrated- 
optics, infrared systems, optical signal pro- 
cessing, laser development, detector technol- 
ogy, ultrafast phenomena, x-ray sources, and 
lithography, nonlinear optical spectroscopy, 
diffractive optics, thin film optics, metal vapor 
lasers, free electron lasers, optoelectronics, 
growth of nonlinear and laser host materials, 
superconductivity, solid state and micro lasers, 
and others. Applications are invited from stu- 
dents with an excellent academic record and 
fluent command of the English language. Com- 
pleted applications are due by February 15, 
1992. To receive an application package, write 
to: CREOL-University of Central Florida, Gradu- 
ate Affairs Committee, 12424 Research Park- 
way, Suite 400, Orlando, Florida 32826. 


The University of Saskatchewan invites appli- 
cations for a senior faculty position in the 
Department of Electrical Engineering. The ap- 
pointment, preferably at the full professor level, 
is without term. The applicant must have an 
earned Ph.D., or the equivalent in training and 
research experience in telecommunication ac- 
cess technologies such as fiber distribution 
systems, spread spectrum systems, local area 
networks, or ISDN. The candidate will join a 
team of industry and academic researchers and 
carry out research at the TRLabs facilities to be 
located in Saskatoon. TRLabs (formerly, Alber- 
ta Telecommunications Research Centre) is an 
applied research organization with laboratories 
currently in Edmonton and Calgary. TRLabs 
offers awards to graduate students and support 
for research. The successful candidate will be 
encouraged to develop new graduate courses 
and will be expected to teach and supervise 
both undergraduate and graduate students. The 
teaching assignment will be one-half the nor- 
mal faculty duties. The Department offers pro- 
grams leading to B.E., M.Eng., M.Sc. and Ph.D. 
degrees. It has approximately 150 undergradu- 
ate students, 60 graduate students and excel- 
lent research facilities. Curriculum vitae, a list 
of three referees and a statement of research 
interest should be addressed to: Dr. M.S. Sach- 
dev, Head, Department of Electrical Engineer- 
ing, University of Saskatchewan, Saskatoon, 
Canada, S7N OWO. Informal inquiries may be 
made to Dr. Sachdev at (306) 966-5383. Applica- 
tions must be received by November 30, 1991. 
The expected appointment date is February 1, 
1992. In accordance with Canada Immigration 
regulations, this advertisement is directed in 
the first instance to Canadians, but other quali- 
fied candidates are also encouraged to apply. 


University of Illinois at Urbana-Champaign. The 
Department of Electrical and Computer En- 
gineering invites applications for several tenure 
track and tenured faculty positions. Applicants 
must have an earned Ph.D., outstanding aca- 
demic credentials, and an ability to teach effec- 
tively at both the graduate and undergraduate 
levels. Selected candidates will be expected to 
initiate and carry out independent research and 
to perform academic duties associated with our 
B.S., M.S., and Ph.D. programs. The department 
has one of the largest programs in the United 
States granting approximately 400 B.S., 100 M.S. 
degrees and 65 Ph.D. degrees. Research is con- 
ducted in acoustics, bioengineering, communi- 
cations, computer engineering, computer vi- 
sion & robotics, control, electromagnetics, in- 
tegrated circuits, laser and electro-optics, 
microelectronics, power systems and power 
electronics, signal processing, and remote 
sensing. Particular need exists for faculty in 
communication systems. However, all candi- 
dates judged to have outstanding qualifica- 
tions for a position in any of the above areas will 
be interviewed. The University of Illinois is an 
equal opportunity/affirmative action employer. 
Send resume, with references and a list of pub- 
lications, to: Faculty Search Committee, 
Department of Electrical and Computer En- 
gineering, 1406 West Green Street, University of 
Illinois, Urbana, IL 61801. 


Brown University, Faculty Position in Electrical 
Engineering Semiconductor Electronics or Op- 
toelectronics. The Division of Engineering at 
Brown University announces the opening of a 
tenure track assistant professor position in 
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Powerful People. Powerful Products. 


Many choose to compromise their lifestyle to 
achieve success. Intel professionals in the greater 
Sacramento area don’t make concessions. We 
work with the most advanced design tools and 
techniques to keep our technology at the leading 
edge, and leave the others trying to catch up. 


POWER MOVE 


We currently have opportunities available 
within the following dynamic and growing 
product areas. Our Entry Level Products Group 
designs microprocessors for the portable, note- 
book and palm-top computer markets, communi- 
cation components and Intel network cards. The 
Integrated Microcomputer Division/Microproces- 
sor Products Group is responsible for high-end 
microprocessors, bus chip sets, and peripherals 
for desktop computers and workstations of the 
future. 


System Architects 

Combine customer needs with emerging 
technologies to define system requirements. 
Interact with Design and Marketing to determine 
cost/performance trade-offs, and create the 
optimized component-level partitioning. Define 
the components and follow-up through imple- 
mentation. Keep up with market requirements to 
create derivative products. Specific development 
areas are high integration desktop, notebook, and 
palm-top computers, and multiprocessor servers. 
Requires a BS/MS in EE/CS, and at least 4 years of 
system design experience, knowledge of PC 
hardware, and familiarity with low-level program- 
ming in DOS and/or UNIX*. 


Component Design Engineers 

Join a team designing peripheral devices for a 
wide range of single or multiprocessing applica- 
tions on the PC, workstation and high-end system 
areas. Responsibilities include CMOS, VLSI 
component design on products such as mp chips, 
EISA bus chips, DMA controllers, or cache con- 
trollers. Requires a BSEE/CE, or equivalent, and a 
working knowledge of computer architecture and 
system design concepts preferred. 


System Validation Engineers 

Support the verification of Intel’s newest 
Notebook PC-based microprocessors. Requires a 
BSCS/BSEE and at least 3 years’ experience with 
Intel386™ based PC hardware and software. Must 
have MASM and C programming experience. 


Mask Designers 

Responsible for chip planning, layout edit/ 
entry, cell block and layout verification and 
design rule checking. Requires experience 
with layout verification tools, Cadence 
Symbad, Dracula experience preferred. 


Memory Component Design 
Engineers 

Requires a BSEE/MSEE with at least 2 
years’ experience in CMOS IC design. Experi- 
ence with memory technology and/or control- 
ler peripherals is necessary. 


Technical Marketing Engineers 
Define and support microcommunication 
components including LAN, modem and FAX 
peripherals. We are also looking for Engineers 
with strong background on PC Hardware 
design. You will generate documentation and 
application notes, and answer technical 
inquiries from Field Applications Engineers, 
customers and visiting customers to help 
design in new products. Requires a BSEE or 
equivalent, with at least 2 years of experience. 


Not only will Intel in the Sacramento area 
provide a challenging career, but our location 
offers all the personal perks of California’s 
recreation capital, which just happens to be 
ranked as one of Newsweek's top urban areas. 
Plus, a career at our facility provides Intel 
professionals with a relatively lower cost of 
housing, a lower cost of living and a rush hour 
that’s not so rushed. 


If you are interested in making a Power 
Move to Intel in the greater Sacramento area, 
send or FAX your resume to: Intel Staffing, 
P.O. Box 1141, Dept. F827, Folsom, CA 
95630, FAX (916) 351-5522. 


Intel Corporation is an equal opportunity 
employer and fully supports affirmative action 
practices. Intel supports a drug-free workplace 
and requires that all offers of employment be 
contingent on satisfactory pre-employment 
drug test results. 


intel. 


The Computer Inside.” 


UNIX is a Trademark of UNIX Systems Labs 
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DELL IS TO COMPUTER DESIGN 
AS AUSTIN, TEXAS, IS TO LIVING 


At Dell, we believe in letting the imagination of our engineers shape the 
design of our award-winning products. 


From the technically advanced Dell System 320N notebook, with state of 
the art power management, to Dell’s newly announced i486 desktop system 
with eee processor cards, through Dell’s innovative V4, 
Dell is a leading high technology company. 


Dell engineers enjoy a technical environment virtually free from the 
bureaucratic hassles of most large corporations. So you get to focus on 
the things that really matter - designing better computers. 


And beyond our unique work environment, we also offer a truly unique 


living environment in Austin, Texas. With scenic foothills, crystal lakes, a 
variety of cultural activities and beautiful neighborhoods, the lifestyle in 
Austin complements the work style of Dell. 


*Personal Computer Motherboard — * Power Supply Engineer 
Desi ¢ ASIC pen Hngwicer 
¢ UNIX Development ¢Sr. Diagnostic 
¢ Personal Computer Network Programmer 
Development * Portable Systems Development 
e EISA BUS Logic Design Engineer 
¢ BIOS Firmware ia ¢ Component Engineer 
¢ Systems ean xpert ¢ Supplier Quality Engineer 
¢ Mechanical Engineer ¢ BIOS Engineer 


The biggest challenges in the computer industry are taking shape at Dell in 
Austin, Texas, where you will find the opportunities are challenging, the 
cost of living is low, the quality of life is high and the compensation and 
benefits packages are excellent. 


If you have a minimum of two years of computer industry experience, 

and a related degree, electrical engineer preferred, please fax or mail your 
——_—<emeese resume with a cover letter to: 512/343-3330, Dell 

D E a ie Computer Corporation, Human Resources, Jerry Holt, 
Sarna. Department IEEE-10/91, 9505 Arboretum Boulevard, 
——emen=ee Austin, TX 78759. 

CORPORATION ; 


Dell is proud to be an equal opportunity employer. 








Electrical Engineering, expected to be filled in 
the spring of 1992. Applications are invited from 
candidates who have a Ph.D. or equivalent de- 
gree in Electrical Engineering, Applied Physics, 
or Physics, and who possess a demonstrated 
record of accomplishment in experimental re- 
search with electronic or optoelectronic 
devices. Areas of preferred specialty include ap- 
plied and basic semiconductor research such 
as quantum transport devices, semiconductor 
lasers, and nonlinear optics, especially in the 
context of submicron structures and novel 
materials. The position is part of an active pro- 
gram in electronic materials and devices at 
Brown which includes major new facilities. The 
appointee will be expected to teach under- 
graduate and graduate courses in the appropri- 
ate area of specialty in Electrical Engineering 
and in the Engineering Core Curriculum, and to 
conduct significant, independent research. 
Complete resumes, including the names of at 
least three references should be sent to Profes- 
sor Arto Nurmikko, Division of Engineering, Box 
D, Brown University, Providence, RI 02912, by 
November 15, 1991, for full consideration. 
Brown University is an affirmative action/equal 
opportunity employer. 


Electrical Engineering: The Department of Elec- 
trical and Computer Engineering. School of En- 
gineering, at the Air Force Institute of Technol- 
ogy, Wright-Patterson Air Force Base, Dayton, 
Ohio. Applications are invited for a tenure track 
appointment, preferably at the Assistant or As- 
sociate Professor level, effective immediately. 
We are seeking an individual with expertise in 
the Electronic Devices, VLSI, Communication, 
Control Systems, Signal Processing, or Robot- 
ics specialty. Applicant must have an earned 
doctorate in Electrical or Aeronautical En- 
gineering, or in arelated specialty. Position re- 
quires teaching at the graduate level and re- 
search under the sponsorship of government 
agencies. This department has numerous close 
working relationships with Air Force and 
Department of Defense research and develop- 
ment organizations. In particular, the selected 
individual is expected to work closely with re- 
search and development organizations such as 
the Wright Laboratory (specializing in Flight Dy- 
namics, Materials, Electronics, and Avionics) or 
other research institutions. This department 
has excellent laboratory facilities in all of these 
areas. Computational facilities are of the 
highest caliber, and they are continually being 
expanded with rapid computer advances (both 
analog and digital). Applicants should be U.S. 
citizens. Salary will be commensurate with ex- 
perience. Submit a complete resume and the 
names of three references to: Dr. Peter S. May- 
beck, Search Committee Chairman, Depart- 
ment of Electrical and Computer Engineering, 
AFIT/ENG, Wright-Patterson AFB, OH 45433- 
6583. The United States Air Force is an equal op- 
portunity, affirmative action employer. 


The School of Electrical Engineering and Com- 
puter Science at Washington State University 
invites applications and nominations for a 
faculty position in electrical power engineering. 
This is a full-time, 9 month, tenure-track faculty 
position to be filled at the assistant, associate 
for full professor rank. The individual sought to 
fill the position must hold a doctoral degree and 
have a background in some area of electrical 
power engineering. Power engineering has 
been an important program throughout the 
department’s history. It has received strong 
support from a consortium of private and pub- 
lic utilities since 1972. Ongoing activities in- 
clude a close university/industry contact 
through student internships, undergraduate 
student design projects, graduate student fel- 
lowships, externally funded research projects 
and the Western Protective Relay Conference. 
Emphasis in the immediate future will be 
placed on expanding the research activities and 
increased university/industry cooperation. The 
succesful applicant should: 1) Establish and 
carry out a program of funded research in a sig- 
nificant area of Power Engineering, 2) teach 
courses at both the graduate and undergradu- 
ate levels, 3) interact favorably with industry 
and federal agencies. Letters of nomination 
and/or applications for this position should be 
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UNIVERSITE 


LAVAL 


TEACHER IN 
COMPUTER ENGINEERING 


Department 
of Electrical 
Engineering 


The Department of Electrical Engineering at Laval 
University, Quebec City, invites applications for a 
tenure track faculty position in the area of Computer 
Engineering. Seeking a PH.D. in Computer Engi- 
neering or Electrical engineering or related field, 
with a strong commitment to undergraduate/ 
graduate students and skills in dealing with teaching 


and research activities. Laval University is impli- 
cated inanemployment equity program. Successful 
candidates must be fluent in French. Applicants 
must send a current curriculum vitae, before 
November 30, including a complete list of publi- 
cations to : 


Denis Angers, 

Chairman 

Department of Electrical Engineering 
Room 1300 

Pavillon Pouliot 

Cité Universitaire 

Québec G1K 7P4 

Canada 











DEPARTMENT OF THE ARMY JOB VACANCY 


ELECTRICAL/ELECTRONICS 
ENGINEER 


The U.S. Army Research Office (ARO) is seeking a highly qualified individual to 
serve as a focal point and proponent for assessment of exploratory development 
programs pertaining to command, control, communications and intelligence 
(C3l) and electronics countermeasures/electronic counter-counter measures 
(ECM/ECCM). This is a Civil Service position at the GS-14 grade level ($52,406- 
$68.129 per annum). Position has promotion potential to the GS-15 grade level. 


The successful candidate will coordinate, review and evaluate the U.S. Army 
Materiel Command exploratory development programs in C3l and ECM/ECCM 
technological areas which include electronic systems (analog and digital), 
communication systems, computer and data processing systems, digital and 
analog controls for weapons systems, electromagnetic propagation and 
antenna systems. electronic sensor and surveillance systems and man-machine 
interface systems. He/she will formulate rationale and investment strategy in 
order to provide the technology base and technology advancements necessary 
to meet the Army's mid and long-term military capabilities, goals and objectives. 
He/she will also assist in management of basic research programs which impact 
exploratory development activities in the C31 and ECM/ECCM areas. 


In addition to the basic requirement for a bachelor's or higher degree in engi- 
neering. applicants must have one year of specialized experience in planning, 
coordinating and evaluating research/development projects related to the C3l 
and ECM/ECCM technologies and a background in performing fundamental 
research and/or exploratory development work. Applicants should possess 
(1) Ability to evaluate quality of research and exploratory development programs; 
(2) Advanced knowledge of electrical or electronics engineering obtained 
through advanced education or equivalent scientific studies and research, and 
evidence that technical competence has been maintained; (3) Ability to interact 
through oral and written communications with other scientists, professional 
groups. and management officials; and (4) Ability to recognize and determine 
exploratory development requirements from documented military deficiencies. 
Applicants should submit a Standard Form 171, Application for Federal Em- 
ployment (available at Federal Job Information Centers and Federal Personnel 
Offices). and a supplemental statement which addresses each qualification 
listed above to 


eum (5S. ARMY RESEARCH OFFICE =n 
ATTN: SLCIS-CP-AR 
PO BOX 12211. RESEARCH TRIANGLE PARK, NC 27709-2211. 


For further information. call (919) 549-4212 
Applications must be received by November 1, 1991. 


AN EQUAL OPPORTUNITY EMPLOYER U.S. CITIZENSHIP REQUIRED 








Battelle: 
Powering the future. 


Energy Storage, Transmission 
and Production Group 


Battelle, Pacific Northwest Laboratories, is an 
international leader in the practical application 
of technology. The focus of our Energy Storage, 
Transmission and Production Group is analyz- 
ing, simulating and designing a wide variety of 
systems. 


We have led the Department of Energy’s efforts 
to develop thermal energy storage technology. 
We're involved in systems analysis and integra- 
tion for space power. We’re also exploring: 


e Analysis and design of space power distri- 
bution systems. 

e Unique specialties for the analysis and 
simulation of terrestrial power distribution 
systems. 

e Analysis and design of mitigation technol- 
ogies for adverse health, environment or 
safety impacts associated with electric 
field effects. 

e Developing research facilities that can be 
used by industry, universities and 
governments. 


Bring your skills and knowledge to our Group’s 
high-profile projects by sending your resume to: 
Battelle, Pacific Northwest Laboratories, 
Staffing Center, P.O. Box 1406, Dept. #6003, 
Richland, WA 99352. FAX (509) 376-9099. We 
are an Equal Opportunity Employer. U.S. citizen- 
ship is required. 


> <Battelle 


...Putting Technology To Work 
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sent to: Dr. Yacov Shamash, Professor and 
Director; School of Electrical Engineering and 
Computer Science; Washington State Universi- 
ty; Pullman, WA 99164-2752; (509) 335-8148. Ap- 
plications should include a complete profes- 
sional vita and a list of references. Final screen- 
ing will begin November 15, 1991 and will con- 
tinue until the position is filled. WSU is an 
EO/AA educator and employer. Protected group 
members are encouraged to apply. 


University of California, Santa Barbara, Electri- 
cal and Computer Engineering. Applications 
are invited for at least two tenure-track assis- 
tant professor faculty positions, available effec- 
tive 7/1/92. One position is in the area of opti- 
cal computing and interconnections, optical 
communications and networks, or quantum 
electronics. The other position is in the area of 
networking and communications. Normally, 
completion of a doctorate is required at the 





time of the appointment. Candidates should 
have an established research reputation or out- 
standing research potential, the ability to at- 
tract external research funding, and a strong 
commitment to teaching at the undergraduate 
and graduate levels. Applicants should send 
their resumes and the names and addresses of 
at least four professional references to: Faculty 
Search Committee, Department of Electrical 
and Computer Engineering, University of 
California, Santa Santa Barbara, CA 93106- 
9560. Applications will be received until the po- 
sitions are filled. Proof of U.S. Citizenship or 
eligibility for U.S. employment will be required 
prior to employment (Immigration Reform and 
Control Act of 1986). UCSB is an Equal Oppor- 
tunity/Affirmative Action employer. 


Electrical one. Faculty Opening. Loui- 
siana Tech University. Applicants with an 
earned doctorate will be judged on effective 
teaching, ability to improve the growing gradu- 
ate program, and potential for initiating fund- 
ed research. Particular emphasis will be given 
to the area of VLSI and related technology. Loui- 
siana Tech is developing an Institute for 


KADAK 


SYSTEMS 
ENGINEER 


Microwave Kemote 
Sensing of the Ocean 


The Applied Physics Laboratory of The Johns Hopkins University (APL) con- 


tinues to pioneer in developing spacecraft and spacecraft radars for monitor- 
ing ocean mesoscale activity, climate variations, global ocean circulation, 
ship routing, deep water oil operations and ocean wave spectra. Our design 
team is looking for an innovative systems engineer with a PhD in physics or 
engineering, or equivalent, to work on the edge of advanced remote sensing 
technologies. A combination of analytical and hands-on hardware expertise 
with EM/ocean interactions, propagation, antennas, MMIC RF hardware, 
Electro-Optics, and digital processing is desired. In addition, the ideal candi- 
date will have ten or more years of relevant experience in radar systems 
design and development, demonstrated abilities to define and articulate con- 
cepts and requirements for novel radar systems and a strong desire for a 
leadership position in radar systems engineering. 


APL is a nationally recognized research and development organization locat- 
ed midway between Baltimore, MD and Washington, DC on a 360-acre cam- 
pus-like setting. We offer a salary commensurate with your qualifications and 
experience, a comprehensive flexible benefits package, and an attractive 
retirement program. If you meet our requirements and are interested in this 
opportunity, please submit a resume and cover letter which details your 


education, experience and salary 
history to: 


Recruitment Office 

Department LER-722 

The Johns Hopkins University 
APPLIED PHYSICS LABORATORY 
Johns Hopkins Road 

Laurel, MD 20723 


EOE, M/F/H/V. U.S. Citizenship Required 


The Johns Hopkins University 


Applied Physics Laboratory 


AY 
Dy 












Micromanufacturing which will have state-of- 
the-art equipment in the microfabrication area. 
All applications will be considered at the first 
of each month, starting December 1, 1991, until 
the position is filled or until final cutoff on May 
31, 1992. Send resume indicating visa status 
and three references to: EE Search, College of 
Engineering, Louisiana Tech University, Ruston, 
LA 71272. Louisiana Tech University is an Equal 
Education and Employment Institution. 


Research Position in Applied Science, Univer- 
sity of California, San Diego. The Marine Phys- 
ical Laboratory, Scripps Institution of Oceanog- 
raphy invites applications from scientist for 
appointments at the Postgraduate Research 
level. Applicants with an interest in conducting 
innovative experimental work at sea will be 
given strongest consideration. Fields of in- 
terest include, but are not limited to, sonar or 
ocean acoustics, geology, geophysics, physical 
oceanography, autonomous or tethered sub- 
mersible vehicles, radar oceanography, and ma- 
rine micrometeorology. Applicants should have 
a Ph.D. Applicants will be expected to have a 
publication list appropriate to their experience. 
Salary will be commensurate with experience 
and qualifications and based on UC pay scale. 
Immigration status of non- US citizens and 
names and addresses of three reference should 
be included with resume. There is the possibil- 
ity that more than one appointment can be 
made. Closing date for applications is 31 Oc- 
tober 1991. Direct inquiries to Kenneth M. Wat- 
son, Director, Marine Physical Laboratory, 
Scripps Institution of Oceanography, San 
Diego, CA 92152-6400, (619) 543-1803. The Univer- 
sity of California, San Diego is an equal oppor- 
tunity/affirmative action employer. 


Naval Postgraduate School, Faculty Positions. 
Department of Aeronautics and Astronautics 
seeks applications for a Tenure Track position 
in the following area: Avionics (Intermediate or 
Senior faculty level)—Applicants for the Avion- 
ics position should have experience (either in- 
dustrial or academic) in the development of 
avionic related items, be knowledgable in digi- 
tal control, familiar with the integration of aero- 
dynamic, propulsion and navigation concepts, 
and be willing to develop a graduate level avion- 
ics laboratory. U.S. citizenship is required. Can- 
didate must have Ph.D. in aerospace or related 
fields, demonstrated research and teaching 
ability and will be required to teach and perform 
research at the graduate level. Good communi- 
cation skills, both oral and written, are essen- 
tial. In addition to 16 tenure track and 5 adjunct 
faculty, the department has 15 support staff 
and offers both M.S. and Ph.D. degrees. Appli- 
cations will be reviewed beginning November 1, 
1991 and will be accepted until the position is 
filled. Please send resume and names of three 
references to: Dr. D.J. Collins, Chairman, 
Department of Aeronautics and Astronautics, 
Naval Postgraduate School, Monterey, CA 
93943, (408) 646-2311. The Naval Postgraduate 
School is an Equal Opportunity/Affirmative Ac- 
tion Employer. 


Electrical Engineering: Cleveland State Univer- 
sity, Department of Electrical Engineering, 
Faculty Position. Cleveland State University is 
seeking applications for a tenure track faculty 
position in Electrical Engineering. Appointment 
will be at the Assistant or Associate Professor 
level with a competitive salary and rank com- 
mensurate with qualifications. Qualifications 
include a Ph.D. degree, the abilities to teach in 
B.S., M.S. and Doctoral-level programs and to 
engage in a vigorous research program. A spe- 
cialty in the areas of communications is re- 
quired. Primary departmental interests in com- 
munications includes information theory, 
coding, modulation and equalization. Knowl- 
edge of satellite communication systems 
and/or practical experience is desirable but not 
required. Faculty members in the department 
have the possibility of obtaining research sup- 
port locally through NASA Lewis Research Cen- 
ter. Deadline: When position is filled, with on- 
going screening of applications. Starting date: 
September 14, 1992. Send resume and list of 
three references to: Dr. James H. Burghart, 
Chairman, Electrical ee Dept., Cleve- 
land State University, E. 24th & Euclid Ave., 
Cleveland, OH 44115. Equal Opportunity Em- 
ployer, m/f/h. 





Arizona State University seeks Scien- 
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tist/Engineer to manage the staff and opera- 
tions of the research laboratories of the Center 
for Solid State Electronic Research. The Center 
is a shared resource research center in the Col- 
lege of Engineering at Arizona State Universi- 
ty. Laboratories in the Center include a 4000 sq. 
ft. clean room, semiconductor processing 
equipment, MBE laboratory, optical characteri- 
zation and electrical characterization labs, X- 
ray topography, SEM’s, mask making facility, 
and a computational microelectronics labora- 
tory. Research and teaching opportunities are 
also available. Requires Ph.D. degree in electri- 
cal engineering or physics, with 3 years ex- 
perience in directly relevant field. Applicant 
must be directly familiar with semiconductor 
processing and cleanroom facilities, and have 
characterization experience. Salary negotiable 
depending upon experience and qualifications. 
Application deadline November 15, 1991, or on 
the 15th monthly until filled. Send resume to Dr. 
L. Akers, Director, Center for Solid State Elec- 
tronics Research, Arizona State University, 
Tempe, AZ 85287-6206. Arizona State Universi- 
ty is an equal opportunity, affirmative action 
employer. 


The Department of Electrical Engineering at the 
University of Utah is seeking applications for 
one or more tenure-track faculty positions. Ap- 
plicants must have an earned doctorate or must 
expect to complete a doctoral program by Sep- 
tember 1992. Duties of the successful candi- 
date will include undergraduate and graduate 
teaching and development of a research pro- 
gram. The department has successful and well- 
funded research programs in electromagnetics, 
optics, microwave tube design, biomedical en- 
gineering, communications, signal processing, 
and microelectronic materials and devices; we 
will entertain applications from candidates in 
any of these areas. We expect to make the ap- 
pointment at the Assistant Professor level, but 
will consider unusually well-qualified candi- 
dates at higher ranks. Resumes and the names 
of three references should be sent to Dr. R.E. 
Benner, Associate Chair, Department of Electri- 
cal Engineering, 3280 Merrill Engineering Blidg., 
University of Utah, Salt Lake City, UT 84112. 
Please give visa status, Screening of applicants 
will begin on February 15, 1992, but applications 
will be accepted until the position is filled. The 
University of Utah is an Affirmative Ac- 
tion/Equal Opportunity Employer and en- 
courages nominations and applications from 
women and minorities. 


Data Communications Engineer. Seeking quali- 
fied applicants for a full-time Data Communica- 
tions Network Engineer II at private university 
in NE Ohio. Responsibilities are management 
of all communications networks including 
voice, video, data, telemetry and control com- 
munications; design & implementation of new 
services and features of communications net- 
works, maintenance & upgrade of existing ser- 
vices; management of network protocols 
(TCP/IP, DECNET, Appletalk, SNMP, XNS 
[Novell]) & use of network diagnostic tools in- 
cluding network analyzers and time-domain 
reflectometers; evaluation of network perfor- 
mance & diagnosis of network faults; utilization 
of networking software (programming skills in 
C & Pascale languages, use & design of graphi- 
cal user interfaces); use & maintenance of oper- 
ating systems (Unix, MacOS, MS-DOS), Novell 
& Appleshare networks; design, installations & 
management of fiber-optic, RS232, & coaxial ca- 
bling systems; design, installation & manage- 
ment of data communications equipment 
(bridges, routers, terminal servers & computer 
network interfaces), design, installation & 
management of telephone and cable television 
(CATV), telemetry and control transmission 
equipment; technically support internal & exter- 
nal network communications services. Interact 
with other employees and vendors concerning 
network communications software and hard- 
ware utilizing verbal and written communica- 
tions. B.S. in Electrical Engineering, Computer 
Science or Computer Engineering required with 
2 years experience in designing, implementing 
& maintaining networks and/or data communi- 
cations system. In lieu of B.S. and two (2) years 
experience; M.S. in Electrical Engineering, 
Computer Science or Computer Engineering, 
no experience required. Must have proof of 
legal authority to work permanently in U.S. Sal- 
ary $36,847 per year; normal working hours of 
37.5 hrs per week (8:30 a.m. to 5:00 p.m., Mon- 
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DROP YOUR LINE INTO THE 
WORLD'S LARGEST POOL OF 
SCIENTIFIC/ENGINEERING ‘TALENT 


With over 500,000 readers every month, small wonder 
that SPECTRUM is the favorite spot for knowledgeable 
recruiters seeking to land experienced, prescreened 
scientific/engineering professionals. 


SPECTRUM is the No. 1 EE recruitment buy for 4 hy, 
leading companies looking to reach the largest 
single, prescreened concentration of high tech 
professionals in industry, government and 
academia. 


ae 


Scientific/Engineering Circulation......100% 


Average Issue Readership 79.8% 
Subscription Renewal Rate 86.1% 


DON'T LET THE BIG ONES GET AWAY. 
RESERVE YOUR SPACE NOW. 
NO LIMIT. 


CALL (212) 705-7760 
or our local sales office 
BA Tn aes es culations 


srds | For additional information see our listing 3 
in SRDS Classified/Recruitment 40 


SPECTRUM 


Published by IEEE, the world's largest professional technical organization 


Isn’t it time we 
got together? 


Consider the personal and professional 
benefits that only IEEE can offer you. 

Being a member of IEEE—the world’s 
largest technical society—makes it easier for 
you to meet the established professionals in 
your field; to have ready access to all the 
latest state-of-the-art information, technical 
meetings and conferences. 

IEEE can be the single most vital source 
of technical information and professional 
support to you throughout your working 
career. 

No doubt, you’re already established in 
your field. Now gain that competitive edge. 
Become the best informed—an IEEE scien 
tific/engineering professional. 





FOR A FREE IEEE MEMBERSHIP INFORMATION KIT 
USE THIS COUPON. 





Name 
( ) 
Title Phone 





Firm 





Address 





City State/Country 





Postal Code 


MAIL TO: 

IEEE MEMBERSHIP DEVELOPMENT 

The Institute of Electrical and Electronics Engineers, Inc. 
® 445 Hoes Lane, P.O. Box 1331 


Piscataway, N.J. 08855-1331, USA, (201) 562-5524 
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day through Friday). Send resume, course tran- 
script, a sample of C or Pascale program writ- 
ten by the candidate, and an essay on the 
integration of voice, video, and data communi- 
cations in a campus environment in duplicate 
(no calls) to: J. Davies, J.O. #1255754. Ohio Bu- 
reau of Employment Services, PO. Box 1618, 
Columbus, OH 43216. EEO/AA. 


Chair, Electrical Engineering Department. The 
College of Engineering, Tennessee Technolog- 
ical University, is seeking a person to fill the po- 
sition of Chair of the Electrical Engineering 
Department. Applicants should have an earned 
doctorate in E.E. or closely related field, be 
qualified for the rank of professor, have a 
balanced commitment to instruction and re- 
search, have excellent interpersonal and com- 
munications skills and be an effective leader in 
providing guidance and promoting growth in 
the department. Desired qualifications include 
administrative experience, a PE license or abil- 
ity to acquire same, active participation in 
professional organizations, a record of attract- 
ing funded projects and active interaction with 
industries and governmental agencies. Initial 
screening of applicants will begin November 1, 
and the applicant pool will remain open until 
the position is filled. For information and appli- 
cation forms, contact R.B. Bustamante, EE 
Search Committee, Box 5015 TTU, Cookeville, 
TN 38505. Tennessee Tech is an affirmative ac- 
tion/equal opportunity employer. Minorities and 
women are encouraged to apply. 


The Air Force Flight Dynamics Laboratory and 
The Air Force Institute of Technology announce 
the 1992—1994 Flight Control Distinguished 
Visiting Professor Program. The Air Force Insti- 
tute of Technology (AFIT) at Wright-Patterson 
Air Force Base, Dayton, Ohio announces the op- 
portunity to join the AFIT graduate faculty as 
a Distinguished Visiting Professor in the 








Department of Electrical and Computer En- 
gineering in the School of Engineering. 
Responsibilities—The responsibilities of the 
AFIT Distinguished Visiting Professor include 
providing academic leadership in teaching and 
research in association with AFIT faculty and 
students, and initiating and conducting re- 
search and consultation with Flight Dynamics 
Laboratory, Air Force Wright Research and De- 
velopment Center. Qualifications—The person 
appointed as Distinguished Visiting Professor 
should be an eminent faculty member at a pres- 
tigious university. Selection will be based upon 
the individual’s experience, proposed teaching 
program and research areas. Areas of special 
interest and activity at AFIT are: Flight Control 
Systems, Control Systems for Reconfigurable 
Aircraft, Design of Robust Multivariable Control 
Systems, Quantitative Feedback Theory De- 
sign, Output Digital Feedback Design Tech- 
nique for Multivariable Tracking Systems, H 
Control Theory, and Adaptive Control and Esti- 
mation. Applicants are expected to have a Ph.D. 
and be a professional contributor in the area of 
flight control. Consideration will be given to ap- 
plicants who have extensive flight control ex- 
perience within industry and government. Re- 
search Support—Two powerful hybrid 
computers (EAI Simstars) are the heart of AFIT’s 
flight control laboratory. H high fidelity, full 
flight envelope, real-time aircraft simulator is 
developed for academic and research use. Over- 
all, AFIT’s computer resources equal or exceed 
those found at other universities. An office, 
laboratory, the use of modern computers, and 
other service support will be provided for the 
visiting professor and may include support for 
a limited number of the visiting professor’s doc- 
toral students. Period of Appointment and 
Salary—The initial period of appointment is for 
one full year. A shorter period and the starting 
date are negotiable, but should be prior to Oc- 
tober 1, 1992. Extension for a second year may 
be possible. Salary is commensurate with 
qualifications. A per diem allowance is also 
paid. Application—A resume of qualifications 
and experience, including a list of significant 
publications and any need for support of Ph.D. 


Research Engineers & Scientists 
Digital Signal Processing 


The Environmental Research Institute of Michigan (ERIM), a growing, leading- 


edge, research & development organization with headquarters in Ann 


Arbor, MI, has 


newly created opportunities for a select group of talented Research Engineers and 


Scientists for the following areas: 


Systems: 

- digital signal processing 

- documentation specialist 

- Kalman filtering 

- Computer systems manager 
(networked SUN environment) 

- Motion compensation/ 
navigation systems 


Hardware: 


Software: 

- Real time embedded systems 

- Software testability 

- Software systems engineering/ 
simulation/modeling 

- UNIX 

- User interfaces 

- Algorithm Development 


- RF and microwave design, high speed digital circuit design, microprocessor and inter- 
face technology, digital signal processor design. 


Previous experience with U.S. Government programs desirable, as is a BS, MS or PhD 
in Computer Science, Electrical Engineering or Mathematics. 


You'll receive an excellent salary with outstanding benefits and growth potential. For 
prompt consideration, please forward your resume in strict confidence to either: 
ERIM, Box 134001, Ann Arbor, MI 48113-4001; or ERIM, 5757 West Century Blvd., 
Suite 340, Los Angeles, CA 90045 - Attn: Human Resources Manager-10/IEE. 
ERIM has recently implemented a Doctoral Fellowship Program to promote continued 
technology growth and development. The program, sponsored in conjunction with 
the University of Michigan’s Department of Electrical Engineering and Computer 
Science (EECS), is now accepting inquiries at the above locations. 


At The Forefront Of Sensor Technology 
An Equal Opportunity Employer. U.S. Cittzensbip Required. 
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students can be submitted anytime prior to De- 
cember 31, 1991 to: Dr. Charles J. Bridgman, As- 
sociate Dean for Research, School of Engineer- 
ing (AFIT/ENR), Air Force Institute of 
Technology, Wright-Patterson AFB, OH 45433- 
6583, Phone: (513) 255-3633. The Flight Control 
Distinguished Visiting Professor Program is 
made possible through a grant from the Air 
Force Wright Research and Development 
Center’s Flight Dynamics Laboratory. AFIT is an 
athe Opportunity and Affirmative Action Em- 
ployer. 


Harvey Mudd College, Electrical Engineering. 
Applications are invited for a tenure track po- 
sition (or possibly two positions) in the en- 
gineering department, beginning January or 
September 1992. Appointment at the Assistant 
or Associate Professor level is anticipated. The 
position(s) requires demonstrated capabilities 
in two or more of the following areas: ana- 
log/digital electronics, design and applications 
of microprocessor-based systems, signal pro- 
cessing and systems, VLSI, and materials. 
Responsibilities will include teaching in a uni- 
fied engineering curriculum, developing 
courses, and supervising industrially spon- 
sored projects in the Engineering Clinic. A doc- 
torate is required for the position. Continuing 
professional growth and development through 
research or consulting is expected; excellent 
opportunities exist in the local area. Industrial 
experience is desirable. Reply to: Electrical En- 
gineering Search, Attention: John I. Molinder, 
Chairman of Engineering, Harvey Mudd Col- 
lege, Claremont, CA 91711. To insure full con- 
sideration applications should be received by 
November 15, 1991. Harvey Mudd College is an 
equal opportunity/affirmative action employer. 


Department of Electrical Engineering, Univer- 
sity of Toronto. The Department of Electrical En- 
gineering invites applications for three tenure- 
stream Assistant Professor positions in the fol- 
lowing areas: 1. Communications, specializing 
in telecommunications and communication 
networks. Applicants will be knowledgeable 
about modern trends in telecommunications 
and skilled in the use of techniques related to 
modelling, performance analysis and simula- 
tion. 2. Electromagnetics, with intended 
specialization in electromagnetic compatibili- 
ty and antennas. Applicants will be skilled in 
modern computational and experimental tech- 
niques. 3. Systems Control. Applicants should 
have a strong interest in the role of computers 
and computing in control. Experience in ex- 
perimental research would be an asset. These 
positions involves both research and teaching 
at the undergraduate and graduate levels. Ap- 
plicants should have a doctoral degree in Elec- 
trical Engineering, an outstanding academic 
record and effective teaching ability. Applicants 
should send a curriculum vitae, a statement 
concerning teaching and research interests, 
and a list of three references to: Professor Adel 
S. Sedra, Chair, Department of Electrical En- 
gineering, University of Toronto, Toronto, On- 
tario, M5S 1A4, Canada. In accordance with 
Canadian Immigration requirements, priority 
will be given to Canadian citizens and perma- 
nent residents of Canada. The University en- 
courages both women and men to apply. 


The Electrical Engineering Department at 
Christian Brothers University invites applica- 
tions for tenure-track positions, available Janu- 
ary & August 1992. Needs are in the areas of 
microprocessors, electronics, and tele- 
communications. Candidates should have a 
PhD/EE. Focus is on teaching, but faculty mem- 
bers are expected to develop opportunities for 
scholarly activities. Send resumes and names 
of three references to: Brother Louis Althaus, 
Head, Electrical Engineering, CBU, Memphis, 
TN 38104 AA/EO Employer. 


The Department of Electrical and Computer En- 
gineering at the University of the Pacific is ac- 
cepting applications for a tenure-track position 
at the Assistant or Associate Professor level. 
Candidates should have a Ph.D.; also some in- 
dustrial experience is desirable. Preference will 
be given to individuals with expertise in the 
areas of computer engineering and electronics. 
Undergraduate education is the primary 
responsibility; curriculum development, advis- 
ing, MS-level teaching and clinic supervision, 
and scholarly activity/research are also expect- 
ed. UOP is a private, comprehensive university 
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NTA) , Deputy Director for 
\GFD’ Spectrum 

ae 

The U.S. Department of Commerce, National Telecommunica- 
tions and Information Administration, Institute for Telecommunica- 
tion Sciences, Boulder, Colorado, is seeking a Senior Electronics 
Engineer to lead its Spectrum Division, one of two technical divi- 


sions within the Institute; the other being the Systems and Net- 
works Division. 







The Spectrum Division is responsible for research and investiga- 
tion leading to the acquisition, analysis, and publication of in- 
formation concerning the propagation of electromagnetic waves 
at all frequencies along the surface of the earth, in the atmo- 
sphere and in space; the nature of electromagnetic noise and in- 
terference; and the methods for more efficient use of the 
electromagnetic spectrum for telecommunication purposes. 









The individual should have extensive experience in radio spec- 
trum measurement and model development, and radio system 
standards development and advocacy leading to support of na- 
tional needs in telecommunications. Substantial physics or engi- 
neering background is required as well as demonstrated 
experience in managing research activities. 







The position is full-time permanent; with an annual salary be- 
tween $87,000 to $108,300. 


For further information and application forms, please con- 
tact Nancy Thornton of the Personnel Office at (303) 
497-3972 or DOC/MASC, MC 23, (Thornton), 325 Broadway, 
Boulder, Colorado 80303. 


U. S. Citizenship is required. 
Equal Opportunity Employer. 














High Temperature 
Superconductors 


The hottest high-tech research topic of the decade 
needs its own efficient channel of information flow. 


With the number of published papers accelerating 
monthly, workers in the high-T field need to grasp their es- 
sential contents quickly to keep ahead in the race for the 
breakthrough. 


High-Temperature Superconductors answers the need. 
It’s the newest in the highly-successful Key Abstracts series 
from INSPEC, one of the world’s leading scientific and tech- 
nical database producers. 


To satisfy the demands of researchers, INSPEC is giving 
high priority to the selection and printing of summaries of the 
latest items being published worldwide on high-T supercon- 
ductors. Moreover, the service is brought to you monthly at 
an easily-affordable price. 


The arrangement of the summaries under the broad 
headings shown below and the addition of a subject index 
in each issue ensures easy scanning and precision in finding 
details of the latest advances. 


Contents: Preparation; Physical properties - structure and 
characterisation, critical temperature, critical currents and 
fields, Josephson effect, other superconducting properties; 
Theory of high-T. superconductors; Devices and applications. 


High-Temperature Superconductors is published monthly on 
a calendar year basis, at a 1991 subscription price of $142 
per annum ($79 for members of IEE, IEEE, IOP, BCS, AIP). 
(Prepayment is required). 
For more details, including a sample issue 
and order form, contact: 


INSPEC INSPEC Dept., IEEE Service Center 


445 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08855-1331 

or Telephone: (908) 562-5554 
Fax: (908) 981-0027 


Circle No. 50 





























INA wor MOTOR OLA ® 


You know who we are. Now it’s time to explore everything 
Motorola Semiconductor Products Sector (SPS) has to offer you. 
Including the opportunity to work as a highly valued member of 
a professional, innovative team. In an environment where 
creativity is the norm and opportunities for excellence abound. 
Opportunities currently exist within our Phoenix facility for: 


IC DESIGN ENGINEER 
BIPOLAR ANALOG IC DIVISION 


Positions require MS/BSEE and experience to include proven 
expertise in high speed Bipolar/CMOS (above 10Mhz) technology. 
Working knowledge of pulse/peak detectors, phase locked loops 
or active filters is preferred. Familiarity with hard disk drive 
systems would be a plus. 


At Motorola SPS, we are focused on the future. Today. Join us 
at our attractive Phoenix location and receive a competitive 
salary/benefits package. Send your resume to: Motorola SPS, 
Dept. SPS-431, 1438 W. Broadway Rd., Suite B100, Tempe, AZ 
85282. An Equal Opportunity/Affirmative Action Employer. 


MOTOROLA 
Semiconductor Products Sector 


Visionaries. Here and Now. 








Research & Development 


Thomson Consumer Electronics, designer and manufacturer of 
RCA and GE brand consumer electronics products, is a global 
leader in the development of new television technologies. Our 
Indianapolis advanced development facility, an integral part of 
our worldwide network of R&D labs, has immediate opportuni- 
ties for experienced microcomputer engineers to join our TV 
Control Systems development group. 










Qualifications must include a BS (or advanced degree) in Electri- 
cal Engineering, and a solid background in computer science/ 
engineering. Experience in designing with embedded micro- 
computers is essential. In addition to microcomputer hardware, 
a high proficiency in assembly and high level languages such a 
“C” is required. 










Thomson offers excellent salaries and benefits, plus exceptional 
opportunity for professional growth with a global industry leader. 
Please send your resume and recent salary history, 
in confidence, to: Professional Relations, M.S. 27-134-MC, 
Thomson Consumer Electronics, P.O. Box 1976, Indianapolis, 
IN 46206-1976, or FAX to (317) 231-4052. An Equal Opportu- 
nity Employer. 


/.\ THOMSON 













ISSA/NSA 
POLY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GROWTH 


Put our 25+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231-9000 or send your 
resume in confidence to: Dept. EA- 
ISEB or FAX to: (301) 770-9015. 


WALLACH 


associates, inc. 


MTom bled hele) 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 


POWER 
ELECTRONICS 


PRODUCT ENG. MGR. To $85K 


Manage concept thru delivery. BSEE, design 
and marketing of consumer power electronic 
product. Mid Atlantic location. 


SR. MOTOR DESIGN ENG. To $60K 


Lead design of AC induction and PM elec- 
tronically commutated DC motors. North East 
location. 


PWR. SUPP./SYSTM ENG’s To $70K 


Nationwide opportunities designing power sup- 
plies and systems for commercial and military 
applications. 


PWR. ELEC. RSCH. ENG’s To $70K 


Several openings for PhD’s and MSEE’s with 
expertise in high-power, high-voltage, IGBT’s, 
SMPS, inverters or motors. 


For further information about above positions 
call or send your resume to: 


POWER TECHNOLOGY 
ASSOCIATES, INC. 


1200 Providence Highway 
Sharon, MA 02067 
Attn: Rich Cardarella 
Phone: (617) 784-4200 
Fax: (617) 784-4302 
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with a total enrollment of approximately 3800 
students. Send resume to: Dr. Richard H. Turpin, 
Electrical and Computer Engineering, Universi- 
ty of the Pacific, Stockton, CA 95211. UOP is an 
Equal Opportunity/Affirmative Action Employer. 


Electrical Engineering: Trinity University. The 
Engineering Science Department invites appli- 
cations for a tenure track assistant professor- 
ship. Qualifications include the Ph.D. or equiva- 
lent in Electrical Engineering, a genuine 
interest in high quality undergraduate teaching 
and advising, and the ability to develop and 
maintain research (preferably with undergradu- 
ate involvement). Teaching areas include: de- 
sign; circuits, electronics and microprocessor 
applications; control systems and robotics; and 
instrumentation/manufacturing. P.E. or willing- 
ness to obtain same is very desirable. Nine full- 
time faculty teach in this accredited, interdis- 
ciplinary program which offers some speciali- 
zation in chemical, electrical, and mechanical 
engineering. Women and minorities are urged 
to apply: TU is an EO/AA employer. Submit re- 
sume, visa status and three references by 1 Jan 
92 to: Dr. H. William Collins, Dept. of Engineer- 
ing Science, Trinity University, 715 Stadium 
Drive, San Antonio, TX 78212, (512) 736-7511. 


The Electrical Engineering Technology Depart- 
ment of Purdue University announces anticipat- 
ed academic-year tenure-track position at West 
Lafayette, Anderson, Columbus, Kokomo, New 
Albany, and South Bend, Indiana, commencing 
January 2, 1992, or August 17, 1992. Minimum 
requirements are: a master’s degree in electri- 
cal engineering, electrical engineering technol- 
ogy, or aclosely related field; three years of re- 
cent relevant industrial experience; a strong 
commitment to undergraduate teaching. Appli- 
cants must have expertise in at least two spe- 
cialty areas. Candidates from industry, en- 
gineering technology programs, or strong 
community college technical programs are en- 
couraged to apply. In addition to teaching, 
faculty are expected to engage in curriculum 
development, some program coordination, stu- 
dent advising, take an active role on departmen- 
tal or university committees, and to pursue 
scholarly activity by publishing and participat- 
ing in professional society meetings. For priori- 
ty consideration, applications should be sub- 
mitted by November 22, 1991, for January, 1992 
appointment, or by February 14, 1992, for Au- 
gust, 1992 appointments. The positions will re- 
main open until they are filled. Send a detailed 
resume, the names, addresses and phone num- 
bers of three references, and your location 
preferences to: Prof. W. Frank Reeve, Chairman, 
Faculty Search Committee, Electrical Engineer- 
ing Technology Department, Knoy Hall, Purdue 
University, West Lafayette, IN 47907. Purdue is 
an equal opportunity/affirmative action em- 
ployer. 


Clarkson University, Electrical and Computer 
Engineering. Applications are invited for a 
tenure-track faculty position as Assis- 
tant/Associate/Full Professor in electrical en- 
gineering or computer engineering. Responsi- 
bilities include undergraduate and graduate 
teaching and development of a research pro- 
gram. A doctorate is required. Review of appli- 
cations will begin on November 30th and will 
continue until the position is filled. The depart- 
ment, consisting of 28 faculty members, offers 
programs at the B.S., M.S., and Ph.D. levels. Last 
year 122 EE bachelors, 20 CE bachelors, 15 
masters, and 9 doctorate were awarded, and re- 
search funding reached more than one million 
dollars. Principle research areas include dis- 
tributed and parallel computation, artificial in- 
telligence, image and signal processing, neural 
networks, robotics and control, communication 
systems, solid state devices, electromagnetic 
scattering, power systems, and electromagnet- 
ic devices. There are research labs in artificial 
intelligence and neural computing, VLSI de- 
sign, robotics, lasers and optics, solid state de- 
vice fabrication, high voltage engineering, and 
dielectric breakdown. Clarkson is an indepen- 
dent university specializing in engineering, 
science and management with an enrollment of 
3300 students, including 400 graduate students. 
Located in northern New York, Clarkson is close 
to Lake Placid and the Adirondack Mountains. 








Send applications to Professor Henry Domin- 
gos, Chairman, Department of Electrical and 
Computer Engineering, Clarkson University, 
Potsdam, New York 13699-5720. Clarkson is an 
Equal Opportunity/Affirmative Action Employ- 
er. Position No. 245. 


University of Texas at Arlington. The Depart- 
ment of Electrical Engineering invites applica- 
tions for tenure-track faculty positions in the 
following areas: digital systems with special 
emphasis on signal processors, parallel pro- 
cessors and microprocessor interfaces; remote 
sensing and wave scattering; and high speed 
electronics with emphasis in the design, fabri- 
cation, and characterization of microwave, 
millimeter-wave, and optoelectronic devices 
and circuits based on compound semiconduc- 
tors. A Ph.D. and a background in electrical en- 
gineering is required. The department present- 
ly has 30 faculty and produces 150 BS, 110 MS 
and 12 PhDs annually. It has an annual research 
volume of $3M. The university is located in the 
heart of the Dallas/Ft. Worth metroplex, 30 
miles north of the site of the superconducting 
super collider. Please send resume to Professor 
Robert Mitchell, Department of Electrical En- 
gineering, University of Texas at Arlington, Box 
19016, Arlington, Texas 76019-0016. The Univer- 
sity of Texas at Arlington is an Equal Opportu- 
nity/Affirmative Action Employer. 


Faculty Position in Devices-Caltech. The Elec- 
trical Engineering program at Caltech invites 
applications for a tenure-track position as as- 
sistant professor. The term of the initial ap- 
pointment is normally four years, and is contin- 
gent on completion of Ph.D. requirements. 
Exceptionally well qualified applicants may 
also be considered at the assistant for full 
professor level. Candidates with interests in 
electronic, magnetics, acoustic, optical, or su- 
perconducting devices, and sensors, are en- 
couraged to apply. We are seeking a highly 
qualified candidate who is committed to a ca- 
reer in research and teaching. Interested appli- 
cants should submit a resume with the names 
and mailing addresses of at least three refer- 
ences to Professor David Rutledge, Department 
of Electrical Engineering, California institute of 
Technology, Pasadena, CA 91125. Caltech is an 
Equal Opportunity/Affirmative Action Employ- 
er. Women and minorities are encouraged to 
apply. 


Department of Industrial & Operations En- 
gineering University of Michigan. The Depart- 
ment of Industrial and Operations Engineering 
at the University of Michigan anticipates one to 
two tenured or tenure-track faculty openings for 
September 1992. Appointments at all ranks will 
be considered. Candidates should have re- 
search and teaching interests in at least one of 
the following areas: 1. Engineering and technol- 
ogy management -strategic management of 
technology, economic analysis, capital plan- 
ning, R&D management, and related areas. 2. 
Quantitative modeling of decision making and 
problem solving under risk and uncertainty— 
risk taking behavior in manufacturing and ser- 
vice operations, individual risk taking behavior, 
group problem solving, computer-based deci- 
sion support, and related areas. 3. Manufactur- 
ing and distribution systems—quality assur- 
ance, production planning and control, 
concurrent engineering, throughput and pro- 
cess control, and related areas. 4. Statistics - 
quality control, reliability of manufacturing and 
service systems, simulation, and related areas. 
Applicants with interdisciplinary interests are 
especially encouraged to apply. Of particular in- 
terest are candidates with research and/or 
teaching capabilities in the information sys- 
tems aspects of the above areas. Applicants 
should possess or be near completion of a Ph.D. 
in Industrial Engineering or a related field. An 
established record of publications, leadership, 
and sponsored research is required for appoint- 
ment at the senior ranks. Operational ex- 
perience or an engineering and/or implementa- 
tion orientation is required at all ranks. The 
University of Michigan is an equal opportunity, 
affirmative action employer. Send inquiries and 
current resume to: Chair, Faculty Search Com- 
mittee, Department of Industrial & Operations 
Engineering, University of Michigan, Ann Arbor, 
Michigan 48109-2117. 


University of Washington. The Department of 


Electrical Engineering of the University of 
Washington invites applications for a 
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nontenure-track research faculty position in the 
area of imaging and graphics systems orient- 
ed towards highly-integrated multimedia sys- 
tems with high processing rates. A doctorate in 
electrical or computer engineering, with re- 
search experience in image computing and sys- 
tems, is required. Applicants must have ex- 
perience in the following areas: image 
processing and graphics hardware and al- 
gorithms, high-performance (parallel and pipe- 
lined) computer systems, high-speed circuit de- 
sign and simulation, and VLSI design. A 
knowledge of the theoretical and practical con- 
siderations involved in the design and fabrica- 
tion of special-purpose VLSI integrated circuits 
and systems, as well as actual experience with 
the implementation of VLSI and imaging hard- 
ware and software, is also desirable. Applicants 
should send a detailed resume and the names 
and addresses of at least four references to 
Yongmin Kim, Professor and Director of Image 
Computing Systems Laboratory, Department of 
Electrical Engineering, University of Washing- 
ton, FT-10, Seattle, Washington 98195. The 
University of Washington is an equal opportu- 
nity/affirmative action employer. 


The Mechanical Engineering Department at 
Carnegie Mellon University invites applications 
for tenure-track positions at the Assistant 
Professor level commencing September 1992 in 
the following areas: 1. Robotics and Controls 
(2), 2. Solid Mechanics (1). One of the controls 
positions is joint with the Robotics Institute at 
Carnegie Mellon. Applicants must have a Ph.D. 
in Mechanical Engineering (or closely related 
field). Duties include teaching undergraduate 
and graduate courses, and research. Appoint- 
ments at a higher rank will be considered for 
qualified applicants having a proven record of 
grant support. Submit application, complete re- 
sume, and names of three references to Profes- 
sor G.B. Sinclair, Mechanical Engineering 
Department, Carnegie Mellon University, 
Schenley Park, Pittsburgh, PA 15213-3890. Clos- 
ing date for applications is January 31, 1992. 
Carnegie Mellon University is an affirmative ac- 
tion/equal opportunity employer. 


Digital Te Processing/Program Develop- 
ment (91/11/30-2) 1-yr pstn, create program/dig- 
itally process images of visual impact of 
reduced visibility on scenic vistas, pub and 
present results. BS in EE, CS, or rel. field 
w/emph. in dig. image proc. reqd; adv deg des- 
ble. Exp w/photo concepts, VAX/VMS, DOS, C, 
Fortran reqd; univ/multivariate stat, RadTran 
thry, Solitaire film writer and Howtec digitizer 
desrble. Salary commens with qualfctns. Send 
Itr of ap & res to Prof Thomas Vonder Haar, 
CIRA-Foothills Campus, CSU, Ft Collins, CO 
80523. CSU is an EEO/AA employer. EO office: 
314 Student Serv Bidg. 


Trinity College seeks applicants for a tenure- 
track assistant professorship in Mechnical En- 
gineering starting in Fall, 1992. A Ph.D. in M.E. 
with primary expertise in thermodynamcis and 
heat transfer is required. Trinity offers a stan- 
dard M.E. curriculum within a liberal arts set- 
ting. The new Mathematics, Computing, and 
Engineering Center houses laboratories for in- 
struction and research in solid mechanics, 
materials science, fluid mechanics, electronics, 
and electrophysiology. Networked computers 
include micros, workstations, and mainframes. 
Send acurriculum vita, a statement of teaching 
and research objectives, copies of publications 
(optional), and the names of three references to 
Dr. David J. Ahlgren, Chair, Engineering and 
Computer Science, Trinity College, Hartford, CT 
06106. We especially seek applications from 
women and minority candidates. Applications 
accepted until January 10, 1992. Trinity College 
is an AA/EO employer. 


Government/Industry Positions Open 


Research Engineer. Research, development 
and implementation of new speech compres- 
sion algorithms using digital signal processing 
techniques and DSP processors. Requires PhD 
in Electrical Engineering and completion of 
graduate courses in Random Processes, Detec- 
tion and Estimation, Analog and Digital Com- 
munications. Must be conversant with expon- 
tential data fitting as evidence by PhD 
dissertation. Requires 2 years experience in job 
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offered or in research in Spectrum Estimation. 
$1,050/wk, 40 hrs/wk. Place of employment and 
interview: Cupertino, CA. Send this ad and re- 
sume to Job #PM 10370, P.O. Box 9560, 
eglaanree CA 95823-0560 no later than 
10-31-91. 


Electronics Research Engineer—To develop 
and implement hardware and software accurate 
performance mathematical models to charac- 
terize the overall system availability and relia- 
bility; to develop processes to improve the qual- 
ity of fault tolerant packet switching systems 
used in domestic and international intelligent 
networks. Requires a PhD in Electrical and/or 
Computer Engineering. Applicant must also 
have 2 years experience in job offered or as a 
research associate in modeling and simulation 
of complex hardware and software systems in 
the Electrical and Computer Engineering 
Department at a college/university with ex- 
perience in computer simulation, hardware and 
software systems, control systems mathemat- 
ics and statistics. Graduate level courses in 
hardware and control systems and probability 
and statistics are required. Dissertation topic 
related to “switching systems” is also required. 
Experience may be gained before, during or 
after degree. 40 hours per week, (work schedule, 
8:00 am to 5:00 pm). Salary is $59,000 per year. 
Must have proof of legal authority to work per- 
manently in the U.S. Send resume in duplicate 
(No calls) to: S. Holton, JO #1260304, Ohio Bu- 
reau of Employment Services, PO. Box 1618, 
Columbus, OH 43216. 


Corporate Project Engineer Sought at Kraft 
Mill, Tacoma, Washington. Applicant must be 
abe to: (1) Provide engineering expertise in the 
design and implementation of a computerized 
distributive control system for the safe and ef- 
ficient generation of electrical power at the 
Kraft Mill. (2) Increase the reliability and tech- 
nical performance of the utilities plant to a level 
that is consistent with accepted operating 
criteria and good housekeeping practices. (3) 
For the maintenance and operating depart- 
ments, help prepare, recommend, implement 
and review long-range plans, budgets and oper- 
ating strategies to agreed upon costs and oper- 
ating efficiency objectives. (4) Assist the cor- 
porate project engineer assigned to the Kraft 
Mill to manage and coordinate capital projects 
to assure timely and cost-effective completion. 
(5) Manage and coordinate all aspects of im- 
plementing the approval projects, including en- 
gineering equipment selection, construction, 
cost control, start-up and training. (6) Supervise 
contractors of multiple crafts on major main- 
tenance projects during the semiannual mill- 
wide shutdown time. (7) Assume responsibility 
for effective utilization of capital funds by 
evaluating project proposals and translating 
them into economically and technically feasi- 
ble projects. (8) Assist in the preparation of the 
annual budget. Applicant must have proficient 
verbal and written communication skills. Exten- 
sive overtime is required on holidays and dur- 
ing project start-ups. Must have Masters Degree 
in Engineering or equivalent experience and five 
years of experience in the pulp and paper indus- 
try or five years of indirect experience where 
knowledge gained can be applied to the pulp 
and paper industry. 40 hours/week. Salary 
$4,800/month. Must have legal authority to work 
permanently in the United States. Send resume 
by October 31, 1991 to Employment Security 
Department, Employment Service Division, 
Attn: AEC Unit, Job No. WA 0274911J, Olympia, 
Washington 98504. 


Senior Research Scientist— Perform indepen- 
dent research, conceptualization, proposal 
writing, analysis and design of data manage- 
ment in distributed systems, real-time/control 
systems. Using object-oriented languages and 
databases. Position requires real-time database 
software design, implementation and perfor- 
mance evaluation. Assist in new project de- 
velopment and development and testing of 
product prototypes in the areas of electric con- 
trol systems and software engineering tools. 
Requires PhD degree in Computer 
Science/Engineering. Candidate must have 
sound research background evidenced by pub- 
lications in the areas of database systems, real- 
time systems and real-time database systems. 
Evidence of design, construction and im- 
plementation of actual real-time database sys- 
tems. Must have demonstrated the ability to 
write proposals and give technical presenta- 





tions. Requires at least one year industrial ex- 
perience in industrial control and the design 
and implementation of microprocessor-based 
control systems and interfaces. Requires at 
least one year experience in the use of one or 
more DBMS’s, including schema design and 
user-interface implementation. Educational 
background must include extensive experience, 
as evidenced by system implementation, with 
operating systems, including VMS, and strong 
programming skills, including C and assembly 
languages. Must be familiar with distributed 
systems and credit graduate level exposure or 
one year equivalent industry experience in the 
areas of computer architecture, computer aided 
design, performance evaluation, real-time sys- 
tems, computer network and distributed pro- 
cessing as well as database design and im- 
plementation. Salary $56,000 per year. Submit 
resumes to: Ms. S. Springmeyer, MDJT/ALCU # 
1-191, 390 North Robert Street, Room 124, St. 
Paul, MN 55101. 


Object Database Staff Engineer. Research and 
development of relational and object oriented 
Database Management System using knowl- 
edge of commercial and research object orient- 
ed database systems in order to provide produc- 
tion direction. Consult with managers and other 
engineers in the area of formal definition of ob- 
ject oriented database interfaces. Work on the 
Distributed Computer Model Project using 
knowledge of parallel computer architecture 
and parallel processing. Ph.D. in Electrical En- 
gineering with major in Object Oriented Data- 
base plus four years research experience in par- 
allel computer architecture and parallel 
processing required. 40 hour work week—8:00 
a.m. to 5:00 p.m.—$56,400/year. Qualified appli- 
cants send resume or application letter with ad 
within twenty (20) days from date of initial pub- 
lication to: AZ DES, Job Service, Attn: 732-A, Re: 
0752144, PO. Box 6123, Phoenix, AZ 85005-6123. 
(Job location: Phoenix) Employer paid ad. Proof 
of authorization to accept permanent full-time 
employment in the U.S. required if hired. 


Process Engineer, Senior. Define, execute, 
characterize & evaluate process development 
experiments to develop & enhance manufac- 
turable sub-micron CMOS & BiCMOS pro- 
cesses; conduct process & device simulation 
and electrical measurement of test structures 
& technology specific devices; extract device 
parameters & develop models to explain data; 
oversee & direct materials, defect & physical 
characterization of processes for yield model- 
ing & analysis. Ph.D. in Electrical Engineering, 
Physics or Materials Science. Academic proj- 
ect/research background in silicon semicon- 
ductor process/device development, including 
process definition & characterization, process 
modeling, device characterization, process & 
device simulation using SUPREM & PISCES, 
surface analytical techniques including SIMS 
or SEM, and sample preparation; academic 
coursework in electronic materials, IC fabrica- 
tion and semiconductor devices. $4,600/mo.; 40 
hrs./wk. Place of employment and interview: 
Santa Clara, CA. If offered employment, must 
show legal right to work. Clip ad and send with 
resume to: Job No. MD #21333, PO. Box 9560, 
Sacramento, CA 95823-0560 not later than Oc- 
tober 31, 1991. The company is an equal oppor- 
tunity employer and fully supports affirmative 
action practices. ‘ 


Staff Project Engineer/Electrical Design En- 
ineer; 40 hours/week. 8:00 am-4:30 pm; 
5,417/month. Overtime as needed, not com- 

pensated. Job requires: Bachelor’s degree in 

Electrical Engineering and 6 years experience 

as an Electrical Engineer. Job also requires: 1) 

Experience must include 6 years experience 

designing software systems for real-time multi- 

microcomputer control systems; 2) Experience 
must include 6 years experience configuring 
hardware modules and designing interfaces in 

a new technology manufacturing environment; 

3) Experience must include 6 years experience 

reviewing and evaluating technical designs of 

vendors or other design groups; 4) Experience 
must include 2 years experience optimizing 
mechanical designs for manufacturing and as- 
sembly as well as mass and cost reductions; 
and 5) Experience must include 2 years ex- 
perience coding and debugging software writ- 
ten in a microcomputer assembly language. 

Special requirements 1), 2), 3), 4), and 5) may be 

met concurrently during the same 6-year peri- 

ods. Job duties: work as a senior design and 
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reliability engineer for Electric Vehicle Program. 
Design and develop the architecture of the ve- 
hicle microcomputer control modules and the 
functional partitioning of the required control 
systems. Technically review the designs of 
several components vendors involved in de- 
veloping the vehicle computer control modules. 
Ensure that the microcomputer module inter- 
face design is coherent, reliable, and fail safe. 
Review and supervise the maintenance of all 
electrical technical specification documenta- 
tion at the vehicle, subsystem, and component 
levels. Analyze and predict the reliability of the 
vehicle electrical subsystems and components. 
Develop and review design modifications to en- 
sure optimal reliability without compromising 
manufacturability, assembly, mass, and cost. 
Plan, design, and develop the electrical sys- 
tems architecture and reliability for future elec- 
trical vehicles. Qualified applicants should 
send resume and verification of requirements 
to: 7310 Woodward, Room 415, Detroit, MI 
48202. Reference #57491. Employer Paid Ad. An 
Equal Opportunity Employment-paid Adver- 
tisement. 


Network Software Systems Engineer needed by 
company in Denver, CO which manufactures 
and sells computers. Provide in-house systems 
engineering for communications network con- 
trol being developed for VAX 8600. Support Net- 
work Manager by evaluating change proposals, 
reviewing software designs, and examining test 
results. Participate in hardware/software sys- 
tem tests and RF interference analysis. Re- 
quires BS in Engineering; 2 years experience as 
engineer working with VAX/VMS workstations 
and 386 PCs network architecture design; work- 
ing knowledge of multi-vendor network ar- 
chitecture planning, installation and debug- 
ging; working knowledge of high-speed network 
interface circuitry design and RF interference 
tests to assure compliance with FCC regula- 
tions $35,000/year; 8:30am-5:30pm, M-F. Re- 
spond by resume no later than October 30, 1991 
to Colorado Department of Labor & Employ- 
ment, Division of Employment & Training, 600 
Grant, Suite 900, Denver, CO 80203, ATT: James 
Shimada, and refer to Job Order No. 
CO03773838. 


Research Staff Member: Performs original re- 
search on high performance I/O systems with 
the focus on storage subsystems such as disk 
arrays. Conceives new algorithms & machine 
organizations that will improve the subsystems 
characteristics such as: performance, fault- 
tolerant, & cost. Develops, simulates & analyzes 
models of such subsystems. Architects, de- 
signs, implements, instruments & tests proto- 
types to verify the accuracy of select models in 
real situations. Writes conference papers, jour- 
nal articles & internal reports about the results. 
Provides consultation to others in area of exper- 
tise. Requires: PhD in Computer Engineering 
with emphasis on high performance I/O ar- 
chitecture; famil. w/disk array design issues; 
famil, w/fault-tolerant computing design is- 
sues; abil. to do performance analysis; & famil. 
w/multiprocessor & parallel processing design 
issues. The above may be demonstrated 
through PhD dissertation. 40 hrs./week; 
$62,500/year. Job & interview site: San Jose, CA. 
Send this ad & your resume to Job #PC 20306, 
PO. Box 9560, Sacramento, CA 95823-0560 not 
later than October 30, 1991. EOE. 


Research Staff member: Will conduct research 
rel. to micromachines, focusing on appl. of 
these device to info. storage. Will conduct re- 
search in surface machining tech. & characteri- 
zation of mechanical & electromagnetic proper- 
ties of thin films, tailoring these properties thru 
modif. of thin-film processors. Must initially 
identify key research issues & estab. lab. to con- 
duct indep., adv. research in this area, requiring 
formulation of research plans, acquisition & 
set-up of neces. lab. equipment, & estab. of col- 
laborative working relationships w/colleagues 
in other research groups. Will represent co. in 
int’l conferences rel. to above. Research activ. 
directed towards develop. of patentable inven- 
tions which extend the technology. Req’d. to 
publish results to orig. research in scholarly 
journals & internal tech. pubs. Reqs. Ph.D. in 
CS., EE, or rel., &: (1) Ph.D. level experimentation 
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in a all of following areas rel. to micromachin- 
ing of microdynamic structures: in situ. assem- 
bly technology, thin-film material properties, & 
integrated microactuators; (2) recent publ. in 
scholarly journals of articles in areas rel. to 
foregoing; (3) high level of expertise in 
micromechanics/micrfabrications, to be de- 
mons. thru talks, selection as session chairper- 
son, proceeding editor, or equiv.; (4) completion 
of advanced research in silicon surface 
micromachining & thin film processing/charac- 
terization & in TEM & X-ray analysis; (5) author- 
ship on inter-discip!. papers; (6) knowl. of safe- 
ty requirements for working wi/silane, 
phosphene, & other hazardous materials. 40 
hrs./wk., $4910/mo. Job & interview site: San 
Jose, CA. Send this ad & your resume to Job # 
EG 14203, PO. Box 9560, Sacramento, CA 95823- 
0560 not later than October 30, 1991. EOE. 


Project Engineer; 40 hours/week; 8:00 a.m.— 
4:30 p.m.; $43,500/year. Job requires: Master’s 
degree in Electrical Engineering and 3 years ex- 
perience as an Electrical Engineer and/or asa 
University Research Assistant. Job also re- 
quires: 1) Experience must include 6 months ex- 
perience developing and implementing digital 
signal processor-based real-time systems; 2) 
Experience must include 6 months experience 
using Motorola and Texas Instruments DSP as- 
sembly languages and C language; 3) Research 
which includes application of adaptive signal 
processing methods to an acoustic system 
utilizing digital signal processor(s) as evi- 
denced by Master’s thesis; and 4) 1 grad. course 
in each of the following: a) adaptive signal pro- 
cessing; b) parallel processing; c) micropro- 
cessor system design; and d) digital signal pro- 
cessors. Special requirements 1) and 2) may be 
met concurrently during the same time period. 
Job duties: Design and implement digital sig- 
nal processor-based control systems for au- 
tomotive applications with emphasis on noise 
and vibrations applications. Perform system 
analysis and simulation. Develop and imple- 
ment algorithms. Test and evaluate prototype 
system in laboratory and vehicle environments. 
Qualified applicants should send resume and 
verification of requirements to: 7310 Woodward, 
Room 415, Detroit, MI 48202. Reference #63091. 
Employer Paid Ad. An Equal Opportunity 
Employment-Paid Advertisement. 


Careers in Patent Law— Morgan & Finnegan, a 
100-year old intellectual property law firm with 
offices in mid-town Manhattan and Washing- 
ton, D.C. seeks electrical engineers with at leas 
tan EE degree and an interest in patent and 
technology-related law. Full-time employment 
includes training to become a registered U.S. 
Patent Agent, preparing and prosecuting patent 
application and serving as scientific advisors 
in litigations and in counseling our sophisticat- 
ed electronics clients. We offer an excellent sal- 
ary and benefits package. Send resumes in con- 
fidence to Kathy Louros, Recruiting 
Coordinator, Morgan & Finnegan, 345 Park Av- 
enue, New York, NY 10154. 


Electronic Engineer—A Michigan affiliate of a 
European based company is engaged in the 
manufacturing and importing of metal forming 
presses and press lines. the company has an 
immediate need for an Electronic Engineer to 
take responsibility for designing electronic con- 
trol systems. adapting the original control sys- 
tems to American standards and to customer 
requirements, supervising and coordinating 
production of Muller-Weingarten die casting 
machines, hydraulic presses and small screw 
presses, writing and upgrading programs for 
Siemens PLC controls, engineering services 
support for Allan Bradley PLC controls, en- 
gineering service support for customers for 
Muller-Weingarten hydraulic presses, blanking 
lines, automated feeder systems, die casting 
equipment, notching presses; training U.S. cus- 
tomers in electronic/electrical controls, hydrau- 
lics and mechanics of Muller-Weingarten 
products. Minimum requirement include at 
least a bachelor’s of science degree in en- 
gineering with a major in electronics, six years 
experience as an electronic engineering and 
one year experience as an electrical engineer. 
three of the six years experience must by with 
Muller-Weingarten 2000, 1200 and 800 ton hy- 
draulic presses, blanking lines, feeder systems 
and Siemens motor drives and Siemens PLC 
controls. Must have experience with program- 
mable controllers. Starting salary is $45,000 per 
year. the work schedule is 9:00 am to 5:00 pm 





for a forty hour week. Qualified applicants re- 
spond with two (2) copies of resume to: 7310 
Woodward Ave., Room 415, Detroit, MI 48202, 
Ref., No. 17991. Employer Paid Ad. 


Senior Device Engineer. Resp. for yield en- 
hancement eng. & analytical characterization 
on ASIC & Logic products. Resp. incls. micron 
& submicron process & device analysis, pro- 
cess control monitor design, physical defect 
analysis , & advanced technology introduction 
& stabilization, using such tools as adhoc yield 
modeling, surface & sub-surface particulate & 
residual composition analysis (SEM, Auger & 
secondary electron, X-ray photoelectron & 
secondary ion mass spectroscopy). Reqs. M.S. 
in EE & 3 yrs of exp. in ASIC device eng. or a PhD 
in EE or Solid State Physics (concentrating in 
submicron process development, device de- 
sign, fabrication, & characterization) may sub- 
stitute for industrial experience. Also reqs. exp. 
or research background & knowl. of: semicon- 
ductor device physics incl. exp. modeling in- 
fluence of process techniques & equipment on 
devices & circuit performance in submicron 
VLSI processes & Transport physics in sub- 
micron devices; semiconductor processing, & 
equipment; process & device modeling & simu- 
lation; device & circuit test, measurement tools 
& techniques. Also reqs. knowl. of computer 
systems & software used for CAD & modeling 
incl. knowl. of VAX?VMS & Unix workstations; 
knowl. of experimental design & process/device 
parameter control using statistical analysis; & 
understanding of semiconductor chemistry & 
surface/interface analysis & background using 
scanning/ transmission electron microscope, 
energy dispersive x-ray analysis & ion mass 
spectroscopy. Salary: $52,410/yr. Job site: San 
Antonio, TX. Apply at the Texas Employment 
Commission, Dallas, Texas, or send resume to 
the Texas Employment Commission, TEC Build- 
ing, Austin, Texas 78778, J.O. #6421962. Ad paid 
by An Equal Employment Opportunity Em- 
ployer. 


Field Engineer for elect. controls mftr in Cleve- 
land, OH, to design & coordinate integration of 
machinery & microprocessor-based control 
equipment into mftr process periodically 
modifying to conform to technological up- 
grades in machinery & equipment. Provide tech 
support including modeling & applications of 
software & support of hardware. Responsible 
for installation & commissioning of micropro- 
cessor-based converter drive equipment. Train 
other employees in troubleshooting & main- 
tenance procedures of equipment. Requires BS 
or equivalent in Electrical Engineering, Com- 
puter Science or Computer Systems & either 2 
yrs. exp in job described or 2 yrs exp in applica- 
tions, systems or commissioning engineering 
or in elect. tech apprenticeship. Exp must in- 
clude working with GEM 80 micropro- 
cessor-based programmable controller in both 
systems design & applications 40hrs/wk, 8am- 
5pm, Mon-Fri, $51,000 per yr. Must have proof 
of legal authority to work permanently in U.S. 
Send resume in duplicate (no calls) to J. Davies, 
JO#1255789, Ohio Bureau of Employment Serv- 
ices, PO Box 1618, Columbus, OH 43216. 


Electronics Engineer—Voice Quality Research. 
The U.S. Department of Commerce, National 
Telecommunications and Information Adminis- 
tration, Institute for Telecommunication 
Sciences, Boulder, Colorado, is seeking an Elec- 
tronics Engineer to lead a program in voice 
Quality Research. This position requires: (1) A 
degree in engineering or equivalent; (2) Knowl- 
edge of statistical cojmmunication theory, 
statistical pattern recognition, signal and 
image processing, information theory, data 
communication, probability, random processes 
and statistics; (3) Knowledge of subjective and 
objective quality testing of voice signals; (4) Ex- 
perience with national and international stan- 
dards organizations; (5) Telephony background; 
(6) Proficiency in computer programming using 
C, Fortran and Pascal on MS-DOS and Unix 
based mini and micro computers; (7) Project 
leadership experience. The position is full-time 
permanent and is located in Boulder, Colorado. 
Annual salary may be $52,406-$68,129 (GS-14). 
For further information and application forms, 
please contact Kathy Dolan, of the Personnel 
Office at (303) 497-3973 or DOC/MASC, MC 25, 
(Dolan), 325 Broadway, Boulder, Colorado 
80303. Refer to Vacancy Announcement 
MASCINITA 91-307. U.S. Citizenship is required. 
Equal Opportunity Employer. 
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READER GUIDE TO PRODUCTS AND SERVICES 


From IEEE Press 
Books for Professionals 


TELECONFERENCING 
Edited by Dennis Bodson, National Communications 
Systems, Office of Technology and Standards, and 
Richard Schaphorst, President, Delta Information 
Systems 


There are now thousands of teleconference 
rooms. ..but only one comprehensive technical 
book on the subject. 


The first and most comprehensive work on the sub- 
ject, this book covers all the key elements of tele- 
conferencing, including audio, video coding, and 
human factors. Also included are reviews of sever- 
al teleconferencing systems that are now operation- 
al. The emphasis is on video coding, the single most 
critical element in teleconferencing systems. The 
history of teleconferencing, particularly recent stan- 
dardization accomplishments, is briefly reviewed. 
The problems of open microphones, open speak- 
ers, echo cancellation, room noise, and satellite 
delay are fully explored. The book also examines the 
most difficult challenge—reduction of the transmis- 
sion bit rate for video to the point where the cost 
of communication is reasonable and switched com- 
munication channels are readily available. 
Teleconferencing is of particular interest to sys- 
tems engineers, communications network en- 
gineers, and anyone engaged in audio or video 
coding. 
1989 ISBN 0-87942-252-1 Order #PC0244-4 
Hardcover 360 pp. 
List Price: $51.95 IEEE Member Price: $38.95 


For more information, CIRCLE #71 on the Reader Ser- 
vice Card. 


INDIVIDUAL LEARNING PROGRAM 


The Individual Learning Program (ILP) Series offers 
graduate-level courses in topical areas of electrical 
engineering. 

These multimedia courses are designed in a con- 
venient, self-paced format to allow easy access to 
knowledge and, through learning reinforcement, to 
ensure retention of the subject. Developed by a 
recognized scholar, practitioner, or instructor, each 
program teaches the real-life processes and appli- 
cations of current technology. 

We now offer each ILP in a variety of economical 
packages so you can choose the size and format best 
for you. First, you can purchase a standard ILP pack- 
age, which typically includes a study guide, text- 
book, final examination, and a media component— 
such as a video or audiotape or software. Second, 
we have made all the ILP components—except the 


textbook—available for purchase outside the stan- 
dard package. You can choose the combination that 
best suits your learning needs and pocketbook. 
For more information on the ILP series, CIRCLE 
#72 on the Reader Service Card. 


ISO/IEC POSIX.1-1990 
from IEEE STANDARDS 


The IEEE announces availability of POSIX.1.-1990, 
an IEEE standard defining standard application 
programming interfaces to basic operating system 
functions, such as 1/0 and process management. 
It is written in terms of the C Language. A revision 
to IEEE Std 1003.1-1988, this is the first POSIX stan- 
dard to be approved as an ISO (International Stan- 











dards Organization) standard: ISO/IEC JTC-1. Itis 
being published by the IEEE as ISO IS 9945-1: 
1990. 

POSIX encompasses a range of standards under 
development by the IEEE to provide interfaces for 
application portability across multiple hardware and 
software platforms. Virtually every computer sup- 
plier and open systems specifier has adopted POSIX. 

Future |EEE standards considered within the 
POSIX family include: Shell and Utility Facilities; C, 
Ada, and FORTRAN Bindings; Networking Protocols; 
Real-time Extensions; and Verification Testing. 

The published standard is available at a list price 
of $75.00, plus shipping and handling, from the 
IEEE Service Center. 


To order, call 1-800-678-IEEE. For information, CIR- 
CLE #73 on the Reader Service Card. 


The National Electrical 
Safety Code Handbook... 


‘The Essential NESC Users Guide’ 


The National Electrical Safety Code (NESC) is the 
single most important document for safeguarding 
persons during the installation, operation, or main- 
tenance of electric supply and communication lines. 
To do your job right and ensure the safety of utility 
workers and the public, you need to understand 
NESC requirements—and be able to put them to 

work. 
The NESC Handbook pulls together the facts and 
explanations required to implement the Code, and 
(Continued overleaf) 
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it presents them in one easy-to-use reference. It 
covers NESC requirements, detailing work rules and 
putting the Code in historical perspective. Used in 
conjunction with the Code, the NESC Handbook pro- 
vides all the information you need to apply the Code 
correctly in your work environment. 

To order, please call 1-800-678-IEEE. 


For more information, CIRCLE #74 on the Reader Ser- 
vice Card. 


Announcing the... 


IEEE PRESS 
WAREHOUSE SALE 


Super Savings for IEEE Members Only! 


Save as much as 90% OFF list prices on best- 
sellers... recent titles. . .selected backlist 


HURRY! Sale ends October 31, 1991 


For a complete list of prices, titles, and ordering in- 
formation, contact Marybeth Hunter, IEEE Press Mar- 
keting Department, 445 Hoes Lane, Box 1331, Pis- 
cataway, N.J. 08855-1331; phone, 908-562-3993; 
fax, 908-981-8062. 


Plan to attend the 
IEEE 802.5 LAN 
Standards Seminar 


Whether you're a systems programmer, designer, 
integrator, or manager, as an MIS professional, 
you’re bound to recognize how local-area network 
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(LAN) technology is needed by and benefits today’s 
multi-vendor office environments. 

What you may not realize is that as LAN technol- 
ogy grows in popularity and implementation, so does 
the demand for its standardization—in areas involv- 
ing everything from LAN design and installation to 
testing and performance. 

As the leading developer of the LAN standards 
most widely used throughout industry, the IEEE is 
conducting the following LAN standards seminar 
this fall for industry. ENROLL TODAY!! 


Token Ring Design and Installation 
(IEEE Std 802.5) 
October 14, 1991 San Diego, Calif. 


For more information, call 908-562-3805 or CIRCLE 
#75 on the Reader Service Card. 


PROPERTIES OF 
INDIUM PHOSPHIDE 


This latest book in the Educational Management In- 
formation System Datareview Series from INSPEC 
is tailored to help those who study, process, or use 
indium phosphide. It represents the coordinated ex- 
pertise of 65 front-line researchers from Europe, the 
United States, and Japan, and its 133 specialized 
surveys (Datareviews) provide a useful review and 
consolidation of R&D on this vitally important sub- 
stance. 

As well as covering the binary compound (InP) 
in depth, the book will include a comprehensive 
chapter on indium gallium arsenide phosphide, as 
well as chapters on: 
© Basic Physical Properties © Resistivity ¢ Carrier 
Concentration and lonization Rates ¢ Electron Mo- 
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bility, Diffusion, and Lifetime * Band Struc- 
ture ¢ Optical Functions 

e IR Absorption and Impurity Energy Lev- 
els ¢ Photoluminescence, Raman, and Reflection 
Spectra © Photoconductivity ¢ Defects, Deep Lev- 
els, and Their Detection 

© Diffusion of Impurities ¢ Surface Structure and 
Oxidation ¢ lon Implantation ¢ InGaAs and In- 
GaAsP: Miscellaneous Properties ¢ Exploitation of 
InP in Devices. 

ISBN 0 85296 491 9, Casebound, 1991 

425 pages, 280 by 210 mm, $250.00 


For information on ordering, CIRCLE #76 on the 
Reader Service Card. 


























1991 IEEE 
MEMBERSHIP DIRECTORY 
Over 300,000 member records 
in two volumes 


Did you know that roughly 50 percent of all IEEE 
members change their address every 18 months? 
Our annual Membership Directory, published each 
April, gives you quick access to the names, cur- 
rent addresses, titles, and (unless otherwise re- 
quested) phone numbers of all members and soci- 
ety affiliates—now over 300,000 records! Plus, the 
Directory includes authors of IEEE literature, both 
past and present, making it a convenient way to con- 
tact the ones who have the professional information 
you need. 

Publication date: April 1991 

Price: $64.95 Publication #JH9986-1 


To order or for more information, call 1-800-678- 
IEEE, or CIRCLE #77 on the Reader Service Card. 
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ENGINEERING EXCELLENCE 


Prentice Hall & the Engineering Community—Building a Partnership For Professional Success 


For over three decades, Prentice Hall has prided itself on providing electrical and computer engineering 
professionals with the highest quality resources—written by leaders in industry, academia, and research, to 
keep you abreast of advances as they happen. Our keen awareness of industry developments enables us 


to offer you publications that truly meet your needs, to ensure your professional success. You can count 


on Prentice Hall to continue our tradition of excellence in engineering publishing and our commitment to 
































engineering professionals. 





You'll find these books and many other cutting-edge references at the following stores: 





Alabama 

Madison Books & Computers 

Madison 

205-772-9250 

Arizona 

Bookstar 

Scottsdale 

602-443-4918 

California 

ASUC Bookstore, University 
of California at Berkley 

Berkeley 

415-642-7294 

Computer Literacy Bookshop 

Cupertino 

408-973-9955 

Irvine Sci-Tech Books 

Irvine 

800-229-9514 

Op-Amp Technical Books 

Los Angeles 

800-468-4322 

UCLA Bookstore 

Los Angeles 

213-206-0763 

UCSD Bookstore 

La Jolla 

619-534-0117 

Stacey's 

Palo Alto 

415-327-3680 

Stacey's 

San Francisco 

415-421-4687 

Stacey's 

Cupertino 

408-253-7521 

Stanford Bookstore 

Palo Alto 

415-329-1217 

San Diego Technical Books 

San Diego 

800-346-0071 

Computer Literacy Bookshop 

San Jose 

408-435-1118 

Computer Literacy Bookshop 

Sunnyvale 

408-730-9955 

Stanford Bookstore 

Stanford 


415-329-1217 

Bookstar 

San Diego 

619-457-7699 

Bookstar 

Brea 

714-256-9027 

Bookstar 

Torrance 

213-326-9008 

Connecticut 
University of Connecticut 
Coop 

Storrs 

203-486-5027 

Florida 

Bookstop 

Boca Raton 

407-479-2383 

Bookstop 

Miami 

305-598-7862 

Georgia 

Georgia Tech Bookstore 

Atlanta 

404-893-0490 

Illinois 

Kroch’s & Brentano's 

29 South Wabash Avenue 

312-332-7500 

University of Chicago 
Bookstore 

Chicago 

312-702-7712 

Maryland 

Maryland Book Exchange 

College Park 

301-927-2510 

Massachusetts 

Boston University Bookstore 

Boston 

617-353-5196 

Harvard Coop 

Cambridge 

617-492-1000 

MIT Coop 

Cambridge 

617-492-4230 

Quantum Books 

Cambridge 

614-494-5042 


University Store, University of 
Massachusetts 

Amherst 

413-545-2619 
Wordsworth 

Cambridge 

617-354-5201 

Databooks 

Worchester 

800-262-6657 

Michigan 

Ulrich’s Bookstore 

Ann Arbor 

800-288-5497 

Minnesota 

Baxter's Books 

Minneapolis 

612-339-4922 

Minnesota Book Center 

Minneapolis 

612-625-3005 

Missouri 

Washington University 
Bookstore 

St. Louis 

314-889-5540 

New Mexico 
University of New Mexico 
Bookstore 

Albuquerque 

505-277-5451 

New York 

Campus Connections (R.1.T.) 

Rochester 

716-475-2504 

Triangle Book Shop 

Ithaca 

607-272-7111 

University Bookstore, SUNY 
at Buffalo 

Buffalo 

716-636-3131 

Cornell Campus Store 

Ithaca 

607-255-2934 

Total Information, Inc. 

Rochester 

800-876-4636 

McGraw-Hill Bookstore 

New York 

212-512-4193 
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Barnes & Noble #200 

New York 

212-675-5500 

Ohio 

Wilkie’s Fairborn 

Fairborn 

513-429-1677 

Books & Co. 

Dayton 

800-777-4881 

Ohio State University 
Bookstore 

Columbus 

614-292-2991 

Oklahoma 

Oklahoma State University 
Stillwater 

405-744-5237 

Oregon 

Powells Technical Bookstore 

Portland 

800-225-6911 

Pennsylvania 

Erie Bookstore 

Erie 

814-452-3354 

Quantum Books 

Philadelphia 

215-222-0611 

The Book Center, University 
of Pittsburgh 

Pittsburgh 

412-648-1452 

Texas 

Taylor’s Technical Books 

Dallas 

214-239-8324 

University of Texas Coop 

Austin 

512-476-7211 

Brown Book Shop 

Houston 

713-052-1919 

Majors Scientific Books 

Houston 

713-522-1361 

Bookstop 

9070 Research Blvd. 

Austin 

512-451-0697 


Bookstop 

9985 I-10 West 

San Antonio 

512-697-0667 

Bookstop 

2922 South Shepherd 

Houston 

713-529-6529 

Bookstop 

5400 East Mockingbird 

Dallas 

214-828-4213 

Bookstop 

820 Preston Forest Center 

Dallas 

214-363-6907 

Bookstop 

7555-A Bellaire Rd. 

Houston 

713-270-1508 

Bookstop 

7500 FM 1960 West 

Houston 

713-955-7223 

Washington 

Tower Books 

Bellevue 

206-451-1110 

University Bookstore, 
University of Washington 

Seattle 

206-543-1544 

West Virginia 

West Virginia University 
Bookstore 

Morgantown 

304-293-4870 

Wisconsin 

University of 
Wisconsin/Milwaukee 
Bookstore 

Milwaukee 

414-229-4201 

Harry Schwartz Book Shop 

Milwaukee 

414-274-6400 


PRENTICE 
HALL 











PEs may rejoin 
engineering societies 


The National Society of Professional En- 
gineers (NSPE) may rejoin the American 
Association of Engineering Societies 
(AAES), which the 75 000-member-strong 
NSPE quit in 1989. The rejoining is condi- 
tional, however, on a restructuring of the 
AAES that NSPE believes would strength- 
en its image as representative of the entire 
engineering community, particularly in ef- 
forts to influence the public policy arena in 
Washington, D.C. AAES would grant in- 
dividual membership to all members of the 
engineering societies belonging to it, cur- 
rently more than 500 000 members of the 
22 societies. 

Other proposed changes, which the presi- 
dents of the AAES engineering societies 
have agreed to consider, involve how the 
AAES is governed. A letter sent to the 
AAES on behalf of IEEE President Eric 
Sumner and AAES Governor Merrill Buck- 
ley Jr. (EEE President-Elect) states that the 











IEEE ‘“‘agrees in principle to the proposal 
to restructure the AAES to achieve engi- 
neering unity.’’ 





Call for Baldrige Award examiners 


The National Institute of Standards and 
Technology (NIST) is looking for examiners 
who will review and evaluate applications for 
the 1992 Malcolm Baldrige National Quali- 
ty Award. Established by the U.S. Congress 
in 1987, the award seeks to promote quality 
awareness of products and services of U.S. 
companies, to recognize the firms’ quality 
achievements, and to publicize successful 
quality strategies. The award is conferred on 
a company for its effectiveness in this area, 
not for its products and services alone. 

Would-be examiners must be expert in 
quality management and able to evaluate 
large and small manufacturing and service 
businesses. Contact: Malcolm Baldrige Na- 
tional Quality Award Office, A537 Adminis- 
tration Building, National Institute of Stan- 
dards and Technology, Gaithersburg, Md. 
20899; 301-975-2036. 


The engineer at large 


Better pay for graduating engineers 


Whether the U.S. economy is recovering or 
not remains open to question, but this year’s 
engineering school graduates were offered 
higher starting salaries than their peers were 
offered last year. Electrical engineers placed 
fourth with an average annual salary offer of 
US $33 191, according to a salary survey 
conducted by the College Placement Coun- 
cil, based in Bethlehem, Pa., and reported 
in July. This average represented a 4.4 per- 
cent boost over the average of starting offers 
made to new graduates through September 
1990. 

Engineers in the petroleum and chemical 
industries were courted most heavily. Over 
last year, the average salary offered to 
petroleum engineers jumped 10.7 percent to 
$38 972, while the offer to chemical en- 
gineers increased 6.4 percent to $37 381. 
Just ahead of the EEs were those in mechan- 
ical engineering, whose average starting sal- 
ary rose 6.1 percent to $34 007. 
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Analog Circuit Simulation 


SPICE Software for Personal Computers 
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Integrated Schematic Entry, Extensive Component Model 
Libraries, Powerful Spice Simulator, Monte Carlo Analysis, 
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High MO 
sed Energy 


Maxwell Laboratories has the high voltage 
products you need for pulsed power systems— 

e Capacitors 

e Capacitor banks 

e Power supplies 

e Switches, resistors and fuses 

e Marx and trigger generators 


Call today for FREE application and selec- 
tion guides, or for more information on how 
our know-how can help you. Maxwell is 
dedicated to worldwide leadership in inno- 








and Easy to use Waveform Processing 
The Most Productive Analog Circuit Simulation Solution 


IsSpice, The complete SPICE program that runs on all PC and Macintosh 
computers. Performs linear and nonlinear DC, Frequency, and Time domain 
analyses. Special extended memory versions capable of simulating large 
circuits (>3000 components) are available (IsSpice/286 and IsSpice/386) 
PreSpice, Extensive model libraries, Monte Carlo and Parameter Sweeping 
SpiceNet, A schematic editor for any SPICE simulator (Shown above). 
IntuScope, An interactive waveform processor. Displays, manipulates, and 
measures SPICE output and user data files. Produces report quality plots. 
SpiceMop, Generates SPICE models from data sheet parameters. 

For Information and your Free Demonstration Kit ne ieee 
Write Intusoft P.O. Box 710 San Pedro, CA 90733-0710 == 


SS 
or Call (213) 833-0710, FAX (213) 833-9658 af ee 
30 day money back guarantee. Software is not copy protected. intusoft 
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vative applications of pulsed power and high 
voltage electronics. 


MAXWELL 


Laboratories, Inc. 


Call (800) 854-1505 


Ask for the sales department. 


In California, call (619) 576-7545 
8888 Balboa Avenue San Diego, CA 92123 
Fax (619) 279-1554 
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Japan and United States 


renew semiconductor pact 


Front-page news was made earlier this year 
by an agreement between Japan and the 
United States over memory chips and other 
electronic components. The renewal of a 
five-year-old accord, it has generated much 
interest and some controversy among chip 
makers, computer manufacturers, and 
economists. A significant difference from its 
predecessor is the new agreement’s mech- 
anism for monitoring semiconductor prices. 
THE QUEST FOR MARKET SHARE. Back in the 
mid-1980s, U.S. semiconductor firms be- 
lieved that Japanese manufacturers were 
selling chips in the United States at unfairly 
low prices. They also believed they faced in- 
surmountable obstacles to selling their prod- 
ucts in the Japanese market. 

To remedy matters, three proceedings 
were brought under U.S. trade laws: an ac- 
tion to improve access to the Japanese semi- 
conductor market, and two investigations 
into memory chip pricing and possible 
“‘dumping.’’ According to the United States 
Code, Title 19, Section 1673, dumping is the 
sale of a foreign-made product in the Unit- 
ed States at less than fair value (that is, less 
than the price charged in the home market, 
in this instance, Japan) where such sales 
threaten to harm U.S. industry. 

The first proceeding was brought at the 
request of the Semiconductor Industry 
Association (SIA), of Cupertino, Calif. The 
trade group claimed that U.S. firms were 
being denied opportunities to sell their 
products in Japan on an equal footing with 
Japanese firms, and wanted the U.S. govern- 
ment to intercede under the authority of 
Section 301 of the trade statutes (Section 
2411 in the United States Code, Title 19). 
This provision authorizes the Federal 
government to investigate and seek the 
elimination of other nations’ acts, policies, 
and practices judged discriminatory or incon- 
sistent with existing trade agreements. 

The two dumping proceedings were con- 
ducted jointly by the U.S. International Trade 
Commission and the Department of Com- 
merce. One was brought at the SIA’s request 
and focused upon sales of erasable program- 
mable ROMs (EPROMs). The other, con- 
cerned with dynamic RAMs (DRAMs) hav- 
ing 256K-bit densities and up, was initiated 
by the Commerce Department. 

SPEEDY RESOLUTION. The investigations 
moved quickly. Rather than being solved in- 
dividually, all three were disposed of in one 
1986 agreement, the ‘‘Arrangement be- 
tween the Government of Japan and the 











Legal aspects 


Government of the United States concern- 
ing Trade in Semiconductor Products,”’ 
which achieved two major objectives. First, 
Japan agreed to improve U.S. access to the 
Japanese semiconductor market. Second, 
the United States agreed to suspend the two 
dumping proceedings in return for Japan’s 
promise to maintain U.S. prices of DRAMs 
and EPROMs at or above foreign market 
values, and to monitor prices of those com- 
ponents on a worldwide basis. 

This last provision drew criticism from the 
European Community, which objected to the 
agreement as a violation of the General 
Agreement on Tariffs and Trade (GATT). It 
took the position that monitoring of Japanese 
parts sold in countries other than the Unit- 
ed States interfered unduly with the markets 
of those nations. It claimed, too, that an 
agreement to improve the market share of 
US. suppliers in Japan discriminated against 
non-U.S. firms also fighting for a foothold 
there. 

A GATT panel subsequently found merit 
in the first argument, but not the second, 
whereupon Japan agreed to modify its 
monitoring procedures. 

ARRANGEMENT Il. The 1986 arrangement ex- 
pired on July 31, 1991. Toward the end of its 
term, the pros and cons of continuing it were 
hotly debated. Ultimately, after several 
months of negotiation and industry com- 
ment, on June 11, 1991, Japan and the Unit- 
ed States arrived at a successor agreement. 

The five-year 1991 arrangement went into 
effect this past Aug. 1. Like its predecessor, 
it aims at enhancing access to the Japanese 
semiconductor market and deterring dump- 
ing. On dumping, though, the new agree- 
ment differs from the original in that it does 
not state minimum prices for components 
sold in the United States. Instead, Japanese 
semiconductor manufacturers will them- 
selves monitor their output and pricing, les- 
sening Government involvement. 

The 1991 accord also provides for design- 
ins, the development of new semiconductor 
devices for use in future Japanese products. 
This last element may offer additional op- 
portunities for U.S. chip designers. 

It is too early to predict the full impact of 
the 1991 arrangement over the next five 
years. However, several Japanese chip mak- 
ers are already warning that it will trigger 
a price increase—even though the new 
agreement avoids the minimum pricing that 
indirectly and unexpectedly triggered a steep 
price rise after the 1986 pact. 


Joel Miller is an attorney in private practice in West 
Orange, N.J. 
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Gain speed in your 
problem solving 
and confidence 
in your answers 
with Maple V... 


3-D Tube Plot created with Maple V. 


The symbolic math software for 
engineering, science, and 
education professionals. 


Maple, developed at the University of 
Waterloo, is today’s most complete symbolic 
math package, and it’s now available from 
MathSoft, the makers of Mathcad. Maple’s 
comprehensive library of over 2,000 built-in 
functions and easy-to-use interactive 
environment delivers a maximum strength 
program in a surprisingly uncomplicated 
package. 


® Provides power and flexibility. 
You won't believe that something so 
powerful runs on everything from 
supercomputers to computers with as 
little as IMB of memory. And Maple’s 
flexibility makes it easy to share files 
across all platforms. It’s completely 
programmable... and Maple’s user 
interface supports natural mathematical 
calculations, so you can request an 
infinite variety of computations and graph 
your output in two or three dimensions. 


@ Use for a wide range of applications. 
Maple is ideal for a wide range of 
applications, including helicopter blade 
design, VLSI design, chemistry, satellite 
guidance systems, econometrics, electrical 
engineering, and applied mathematics — 
to name just a few. Maple frees you from 
the “bookkeeping” of complex calculations 
and lets you concentrate on modeling and 
problem solving. 


Call us toll-free at 800-628-4223 
or use this coupon to request 


more information on Maple. 


In Massachusetts call 617-577-1017 or 
fax this coupon to 617-577-8829. 


[ ] Yes! Tell me more about Maple. 
Name 

Title. 

Company or institution 

Address. 

City. State Zip 

Phone (___) 


Mail this coupon to: 

MathSoft, Inc. 

201 Broadway 

Cambridge, MA 02139 

USA 
IEEE 19 Maple 


Circle No. 18 





33 











cludes circuit analysis tools for ac circuits, 
ladder networks, transmission lines, and 
two-port networks, as well as Fourier and 
Laplace transforms. Covered in the card’s 
equation library are such areas as RL, RC, 
and RLC circuits, operational amplifiers, 
transformers, motors, and solid-state 
devices. 

The Electrical Engineering Pac sells for 
US $99.95. Contact: Alan S. Fudge, Spar- 
com Corp., 897 N.W. Grant Ave., Corvallis, 
Ore. 97330; 503-757-8416; fax, 503-753- 
7821; or circle 101. 


SOFTWARE 


Free demo graphics disk 


Want to try your hand at using Axum, a tech- 
nical graphics and data analysis package for 
IBM Corp. personal computers? A demo dis- 
kette for it combines two- and three- 
dimensional and contour plotting with data 
analysis capabilities within a windowing and 
menuing environment. Data can be analyzed 
and edited and then reproduced in 
publication-quality graphs. 


Software package tackles 
calculations on the HP 48SX 


Tackling electrical engineering problems 
using Hewlett-Packard Co.’s HP 48SX 
scientific calculator should be easier with 
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Sparcom’s plug-in memory expansion card 
speeds problem-solving on a Hewlett-Packard 
HP 48SX calculator. 

a new software package from Sparcom 
Corp. The Electrical Engineering Pac, avail- 
able in a plug-in memory-expansion card, in- 
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@ NEW! Mouse-driven, hierarchical block diagram editor a) 
@ Dynamic Systems Modeling — linear, nonlinear, continuous, discrete, and hybrid 
@ SystemBuild for nonlinear systems simulation 

@ NEW! Extended memory support for faster simulations and larger models 

@ NEW! Robust Control and Optimization Modules available now on PCs 


Call for your 


integrated 3260 Jay Street 
systems inc. Santa Clara, California 95054 FREE Demo 
Tel: (408) 980-1500 Diskette 


Fax: (408) 980-0400 1-800-932-6284 


MATRIX, is a registered trademark and SystemBuild is a trademark of Integrated Systems, Inc, 








The software requires an IBM-PC/XT/AT 
or PS/2 or compatible with hard disk, com- 
puter graphics card, and DOS 3.0 or above. 
The demo disk is free, but the suggested 
price of the software, available on a 5.25- or 
3.5-inch diskette for EGA or VGA graphics, 
is $495. Contact: Lee E. Edlefsen, TiMetrix 
Inc., 444 N.E. Ravenna Blvd., #210, Seat- 
tle, Wash. 98115; 800-548-5643; in Washing- 
ton State, call 206-527-1801; fax, 206-522- 
9159; or circle 102. 


SOCIOTECHNOLOGY 


Men, machines, and history 


History buffs can now purchase a set of over 
500 transcripts chronicling scientific and en- 
gineering events. The transcripts, taken 
from ‘‘Engines of Our Ingenuity,’’ a nation- 
ally syndicated radio program broadcast daily 
on National Public Radio stations in over 30 
U.S. cities, are available on up to six dis- 
kettes in 3.5- and 5.25-inch DOS formats, 
and in Hypercard format for the Macintosh, 
for US $20 per set. Also available for $5 each 
are audiocassettes containing seven 
programs. 

The three-to-five-minute-long programs, 
salute ‘‘the machines that make our civili- 
zation run, and the people whose ingenuity 
created them.’’ Contact: Richard Boswell, 
Stress Engineering Services Inc., 13800 West- 
Jair Dr., Houston, Texas 77041; 713-955- 
2900; fax, 713-955-2638. 


TOY 


Astronomy software list 


Over 150 astronomy computer programs 
are voluminously described in an annotated 
list organized by software type. It includes 
simulations, planetaria (or star charts), 
calculation aids, games, telescope and ob- 
serving aids, tutorials, and solar system 
displays. 

Also included are addresses and telephone 
numbers of vendors and sources, and an in- 
troductory reading list of books and articles 
about astronomical software. For a copy of 
the 10-page packet, send a donation of $4 
to cover printing, mailing, and handling. 
Make that $7 if you’re outside the United 
States. Contact: Astronomical Society of the 
Pacific, Software List Department, 390 
Ashton Ave., San Francisco, Calif. 94112; 
415-337-1100; fax, 415-337-5205; or circle 
103. 
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Circle No. 17 


34 


IEEE SPECTRUM OCTOBER 1991 














SIEMENS 





Siemens. 
The Brightest 
Force in R&D. 


At Siemens, a $40 billion global company, we 
fully recognize the value of Research and 
Development. That's why we invested over 
DM 7 billion in worldwide R&D efforts last year 
in support of our staff of over 400,000. In our 
centralized corporate R&D, located in Munich 
and Erlangen (Germany) and Princeton, NJ, 
we perform research and basic development 
in materials, products and systems technology 
in strategically important areas, as well as, 
advise the board and the operating units in 
questions of research and development. 

At our new 170-acre complex in Princeton, 
NJ, the U.S. center of corporate research for 
SIEMENS, we are focussing our strengths on 
three major research areas, namely, Learning 
& Knowledge Acquisition, Software Engineering 
and Imaging/Optical Computing. 

Our active programs include joint projects 
with the leading U.S. universities and institutes 
in addition to the opportunity to share in the 
research and talent resources of Siemens 
global R&D organization. To qualify you 
should be ambitious and progressive with a 
Ph.D. in Computer Science or Electrical 
Engineering and demonstrated expertise in 
one of the following project areas: 


Learning & Knowledge 
Acquisition 

Basic and applied studies in the areas of 
Learning (Connectionist and Al), adaptive 
processes and knowledge acquisition. 


Software Engineering 

Research in methods and tools to improve 
present-day software engineering (design, 
testing and maintenance) and in 
breakthrough technologies to meet the 
challenges of tomorrow. 


Image Processing & 
Analysis/ Optical Computing 


Basic and applied research in a variety of 
areas including image management enhance- 
ment, segmentation, reconstruction, visual 
perception and, a new area, optical computing. 


Let our commitments propel your achievements. 
For further information, please send your 
resume, indicating area of expertise and 
present base salary, to: Human Resources, 
Dept Spec, Siemens Corporate Research, 
Inc., 755 College Road East, Princeton, NJ 
08540. Equal Opportunity Employer 























What IEEE Used to Negotiate | | 
An Insurance Deal for Members. 











THE CONSULTING GROUP 


e RF, Microwave & Fiber Optic Systems 

¢ RF, Microwave Filters, Amplifier, 
Oscillator & Synthesizer/PLL Design. 

e Antennas 

¢ Analog Electronics 

¢ Data Communications & Protocols 


71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 


e Antennas and Arrays 
* Scattering and Radar Cross Sections 
e Radhaz & Environmental Impact 
¢ Simulations of Fields & Phenomena 


Jeremy K. Raines, Ph.D., PE. 
President (301) 279-2972 


CONTROL SYSTEM CONSULTING 


© Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

¢ Electrical, mechanical, hydraulic 

© Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 


MAGNA-POWER ELECTRONICS, INC. 


135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


NOISE, TRANSIENTS AND INTERFERENCE 


¢ FCC, VDE, EMC/EMI 

* Susceptibility, ESD, RF, Transients, Lightning 
* Testing & Retrofit for Product Enhancement 
¢ UL, VDE, CSA, Other Safety-Related Specs 

¢ Noise-Immune Designs and Prototypes 

¢ FCC Compliance Training & Retrofits 


THE R. Kenneth Keenan 
@  kcenan 


Ph.D., VP Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 


Pinellas Park, FL 34666 


Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

© motors © magnetizing fixtures 

© transformers © recording heads 

© actuators © NMR applications 

© levitators © magnetic bearings 

© CRT design © atc... 
1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 
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Robert J. Abend, P.E. 


Electronics Consultant 
Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 


1265 Palmdale Circle 
Palm Bay, FL 32905 


Telephone & FAX 
(407) 952-2216 


International Compliance Corporation 


Design, Test, & Consulting 
© FCC Certification/Verification 
e VDE, CISPR, VCCI (Japan) 
e ‘1992’’ European Compliance Testing 
© Product Safety: UL, CSA, IEC, VDE 
Electrostatic Discharge (ESD) 
© MIL-STD 461/462, NARTE-Certified Engineer 


812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

¢ Applications Engineering 
° Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
* Troubleshooting 
© Marketing 


R.A. Becker, D. Sc. 
President 10482 Chisholm Ave. 
Cupertino, CA 95014 


(408) 446-9812 
GOSIP 


OSI MAP 

¢ Education & Newsletters 

¢ Market & Product Planning 

e CIM Plans, Design & Integration 
SHIP STAR Associates 
Bob Crowder, President 
36 Woodhill Dr., #19 Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 


802 FIELDBUS MMS 


1 DEAN STREET/BOX 151 
ats HUDSON, MASSACHUSETTS 
TM _ Voice: (508) 562 5820 
FAX: (508) 568 1219 


RF/ANALOG/VIDEO/FIBEROPTICS/ASIC’S 
THE CORRECT, AFFORDABLE, AND TIMELY SOLUTION TO: 


© FREQ. SYNTHESIS (CONSUMER, BROADCAST, INDUSTRIAL, MIL) 
© FIBEROPTICS (LAN’S, VIDEO, AUDIO, DATA, CATV) 

© CATV EQUIPMENT DESIGN 

¢ RF TO 2 GHZ: FILTERS, EQUALIZERS, SYSTEMS, CIRCUITS, PLL's 
© PROTOTYPING, LAB, R & D, AND CAE FACILITIES 

© THIN/THICK FILM HYBRIDS OR ASIC’S (ANALOG OR MIXED) 


Patent Attorney 
Robert E. Malm, Ph.D. (M.IT.) 
Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (213) 459-3992 
Fax: (213) 573-1781 


SOFTWARE ENGINEERING 
¢ Real-Time Systems Analysis and Design 


¢ Software Engineering Training 
(Call for Offerings) 
¢ CASE Training and Implementation 
¢ Consulting Services 
¢ Product Development 


Carl A. Argila, Ph.D., Inc. 
SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 


PROFESSIONAL CONSULTING SERVICES 


ELECTROMAGNETIC DESIGN ANALYSIS 


Consultancy by world leaders in 3D electromagnetic 
computation using PE2D, OPERA, TOSCA and ELEKTRA 


* electrical machines = * MRI scanners 

© recording heads * magnetic casting 

© actuators © scientific apparatus 
transformers ¢ NDT equipment 

© loudspeakers © accelerator magnets 


VECTOR FIELDS INC. tel: (708) 851-1734 


1700 N Farnsworth Ave, Aurora IL 60505 fax: (708) 851-2106 


CONSULTING & PROTOTYPES 
ELECTRIC MOTORS 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS CORP. JAMES R. HENDERSHOT 
144 E. Main St., Suite 203 TEL: 513-393-9835 
P.0. Box 78 513-393-3810 
HILLSBORO, OH 45133 FAX: 513-393-9836 


INTEGRATED CIRCUIT DESIGN CONSULTING 
Providing integrated circuit design and analysis 
consulting services with gate arrays, cell libraries, or 
full custom in digital, analog, cmos, bipolar or ecl 
technologies and support services such as modeling, 
layout, verification, software, testing, debugging, 
documentation, and reverse engineering. 

1556 Halford Ave, Ste 310 Santa Clara, CA 95051 

(408) 243-7422 


Image Processing 
Problems Solved 


536 Broadway 
Aspex NY, NY 10012 


INC. Phone 212-966-0410 
FAX 212-966-2289 


PATENT AND TRADEMARK 
ATTORNEYS 


DUNN & SIMPSON, P.-C. 


Telephone (716) 433-1661 
Facsimile (716) 433-1665 
Telex: 350041 


Robert P. Simpson 
P.O. Box 96 
Newfane, NY 14108 


FORSYTH ELECTRO-OpPTICcS 


—OPTICAL & ELECTRO-OPTICAL ENGINEERING— 
—TECHNICAL INFORMATION SERVICES— 
PLEASE CALL TO DISCUSS YOUR REQUIREMENTS, 

OR TO RECEIVE A CAPABILITIES BROCHURE. 
KeitH W. ForsytH 
4402 Dexter STREET 
PHILADELPHIA, PA 19128-4823 
(215) 483-2937 


ALEXANDER (ALEX) | ORLOFF, E.E. 
REGISTERED ELECTRICAL ENGINEER-CONSULTANT 


ORLOFF COMPUTER SERVICES 
“SOFTWARE FOR ENGINEERS” 


1820 E. GARRY AVE. 
SUITE 117 
SANTA ANA, CA 92705 


TEL (714) 261-5491 
FAX (714) 261-6541 
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LocUS, Incorporated 


O.E.M. Electronic Products 

e J3 Year Product Development History 
© Corporate References ¢ RF Systems 

© Spread Spectrum Communications 

© Computerized Instrumentation 

© Finest Electronic Assemblies, Any Scale 
© Complete, Fulltime Professional Staff 


1842 Hoffman St., Madison, WI 53704 
608/244-0500 FAX 608/244-0528 











EW System Consulting 
e Hardware & Software Design, Analysis and 
Simulation ¢ System Performance Requirements 
© Specifications * Test Plans & Procedures 
© System Integration & Testing 

For further information contact: 

Eckhard J. Schulz, Ph.D., President 

ESEA, Inc 5150 El Camino Real # B-15 
(415) 962-1167 Los Altos, CA 94022 









DS+A 


Risk Analysis and Assessment 
Reverse Engineering and System Rediscovery 
Bid Preparation and Tender Assessment 
Consultant Engineers on sonar and EW systems 


35 Abbotsbury Rd, Weymouth 
Dorset, UK DT4 OAD 


UK and Europe 








tel and fax: 
44(0)305 787600 





TECHNICAL WITTS, INC. 


Engineering Consulting Services 
Technical Competence High Productivity Reasonable Rates 


Power Electronics, Analog, and Digital Circuit Design 
Industrial Automation Control System Hardware and Software 
Real time Technical Software, C, Pascal, Windows, MS-DOS, 0S/2 
Analysis, Requirements Specifications, Design Reviews, Advisement 


6319-A W. Villa Theresa Drive TEL: (602) 438-1833 
Glendale, AZ 85308 FAX: (602) 547-1123 





Mathematica Training 


for scientists & engineers 















Seminars, Training, & Consulting 
Customized to meet your needs. 


Variable Symbols, Inc. 


2161 Shattuck Avenue, Suite 202 
Berkeley, CA 94704-1313 
Call 415-843-8701 or Fax 415-843-8702 


The University of Melbourne Australia—Chair 
of Computer Engineering. The University of Mel- 
bourne invites applications for a Chair of Com- 
puter Engineering which has been established 
in the Department of Electrical and Electronic 
Engineering. The Department together with the 
Department of Computer Science, forms the 
School of Information Technology and Electri- 





cal Engineering. The Department has extensive 
teaching and research programs in electrical 
and electronic engineering. Its research activi- 
ties include software reliability, computer ar- 
chitecture and networking, distributed pro- 
cessing, photonics, communications, signal 
processing, control and biomedical engineer- 
ing. The successful applicant will have a distin- 
guished record of professional achievement 
and will be committed to developing an active 
research and teaching program. It is anticipat- 
ed that the successful applicant will form 
strong research links with industry. The base 
salary is $A72,000 per annum on appointment 
expected to rise to $A76,000 for July 1992. Fur- 
ther information about the position, application 
procedures, conditions for outside work, super- 
annuation, travel and removal expenses, hous- 
ing assistance and conditions of appointment, 
is available from the Registrar. All correspon- 
dence (marked “Personal and Confidential”) 
should be addressed to the Registrar, The 
University of Melbourne, Parkville, Victoria, 
3052, Australia. Telephone (613) 344 7529 Facsi- 
mile: (613) 344 6897. Applications close on 30 
November 1991. The Council reserves the right 
to make no appointment or to fill the Chair by 
invitation at any stage. The University of Mel- 
bourne is an equal opportunity employer and 
has implemented a smoke-free workplace 
policy. 


The Humacao University College of the Univer- 
sity of Puerto Rico invites applications for ten- 
ure track faculty positions beginning January, 
1992. Requirements include an MSEE in En- 
gineering (Electronics) with preference given to 
Ph.D. EE (Electronics) candidates. Successful 
candidates will teach undergraduate courses in 
electronics and physics and will be expected to 
participate in the development and supervision 
of undergraduate electronics laboratories. Ap- 
plicants fluent in Spanish will be given highest 
priority. Send resume to: Ramon Irizarry, Chair- 
man, Department of Physics & Electronics, 
University of Puerto Rico, Humacao University 
College, CUH Station, Humacao, Puerto Rico 
00791. 
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scanning 
The Institute 


Congressional 
Fellows wanted 


The competition for 1992-93 IEEE-USA 
Congressional Fellowships has opened in a 
search for at least two EEs and allied scien- 
tists who will be selected to serve a one-year 
term on the personal staff of either a U.S. 
senator or representative or on the profes- 
sional staff of a Congressional committee. 
Additional funding sources may permit nam- 
ing more than two Fellows. 

Fellows will be selected on the basis of 
their technical competence, their ability to 
serve in a public environment, and their 
demonstration of service to the Institute and 
the profession. Anyone selected must be a 
USS. citizen and must have been in the IEEE 
at Member grade or higher for at least 
four years. 

Further information and application forms 
are available from W. Thomas Suttle at the 
IEEE-USA office, 1828 L St., N.W., Suite 
1202, Washington, D.C. 20036-5104; 202- 
785-0017. Applications must be postmarked 
no later than March 31, 1992, to be eligible 
for consideration. 


Creating disk attach standards 


The IEEE Computer Society Disk Attach 
Study Group, headed by Martin Freeman of 
Philips Research, Palo Alto, Calif., and the 
Industry Small Form-Factor Committee, 
headed by Dal Allan of the consulting firm 
ENDL, Saratoga, Calif., are cooperating on 
creating a new disk interface standard for 
directly attaching disk drives to printed- 
circuit boards. In developing the new inter- 
face, the group hopes to provide a device 
that will link up with ‘‘disk chips,’’ high- 
performance small-form-factor disk drives 
recently made possible by advances in head, 
media, servo, and digital signal-processing 
technologies. 

The new interface will allow small-form- 
factor disk drives to be seen as an extend- 
ed form of random-access memory chips. 
Disk drives thus equipped are expected to 
find their way into PC laptop and notebook 
computers, embedded applications such as 
laser printers and facsimile machines, and 
a vast array of consumer electronic 
equipment. 


Power Society sets up new award 

The Power Engineering Society (PES) has 
established the Walter Fee Outstanding 
Young Engineer Award for outstanding 
contributions in the leadership of technical 
society activities, including local and/or 
transnational PES and other technical so- 
cieties; leadership in community and hu- 
manitarian activities; and evidence of tech- 











nical competence through significant 
engineering achievements. 

The award will be presented annually. 
Recipients will be given a plaque and a US 
$500 travel subsidy to attend the PES Sum- 
mer Meeting for the award presentation. 
They will be asked to designate a college or 
university to receive a $5000 scholarship for 
an electrical engineering undergraduate. 

Applicants must be 35 years of age or 
under on Jan. 1 of the presentation year and 
have been a member of the PES for at least 
one year. Nominations and applications 
should be directed to B. Don Russell, Walter 
Fee Outstanding Young Engineer Award 
Committee, Department of Electrical En- 
gineering, Texas A&M University, College 
Station, Texas 77843-3128; 409-845-7912. 
The deadline is Feb. 15, 1992. 


New computing publication 

The Technical Activities Board has endorsed 
a proposal to publish the Annals of the His- 
tory of Computing as an JEEE Computer So- 
ciety periodical, beginning in 1992, and it has 
been approved by the IEEE Executive Com- 
mittee. 





Coming 


in Spectrum 





SOFTWARE FOR PCs AND WORKSTATIONS. The 
six articles in this report steer neophyte and 
experienced user through newly available 
design and data acquisition software for per- 
sonal computers and workstations. 

e ASIC LOGIC SYNTHESIS. Larger designs can 
now be handled in a shorter time on more 
platforms than before by logic synthesis 
packages for application-specific ICs (ASICs). 
e ELECTROMAGNETIC FIELD SOLVERS. The 
success of electromagnetic field solvers on 
large problems will depend on the availabil- 
ity of massively parallel or vectorized com- 
puter hardware. Meanwhile, new solvers 
and new versions of old solvers have ap- 
peared. 

e DATA ACQUISITION. Also covered will be 
software for data analysis and display and for 
technical reporting. A table will highlight sig- 
nificant features. 

e MATH IN PICTURES. A good mathematics 
package for an engineer should solve diverse 
equations, support many functions, and 
allow graphical visualization of results. 

¢ EMBEDDING DSP SYSTEMS. Embedded ap- 
plications of digital signal processing raise 
issues like C compiler efficiency, Windows 
3.0 compatibility, and size of ROM needed. 
e CASE FOR PRODUCTIVITY. The tools of 
computer-aided system engineering (CASE) 
help the system designer automate error 
checking and other chores. They also en- 
gender a better understanding of the system. 





CUTEST Se 


345 East 47th Street, New York, N.Y. 10017 


William R. Saunders Advertising Director 705-7767 
Richard B. Ofstie Eastern Advertising 

705-7311 
705-7312 


705-7067 


Manager 
Northeastern Manager 
Research Manager 
Advertising Production 

Manager 


Michael Triunfo 
Hendrik Prins 
Wendy I. Goldstein 
705-7579 


Boston, Mass.-Gerard S. Mullin, Doug Long, 
The Channel, Brewster, 02631 508-896-5930 


Philadelphia, Pa.-Daniel P. Mainieri Jr., Regional Manager, 
650 N. Cannon Ave. #22, Lansdale, 19446 215-368-8232 


Chicago, IIl.-Ralph Bergen, 
One Northfield Plaza, Suite 300, Northfield, 60093 708-446-1444 


San Francisco, Calif-Denis F. Duffy, 
33 New Montgomery, Suite 980, 94105 415-541-0377 


Los Angeles, Calif.-Lynne Andrew Evans, 
5777 West Century Boulevard, #635, 90045 213-649-3800 


Atlanta, Ga.-H. Michael Coleman, C. William Bentz III 
4651 Roswell Road N.E., 30342 404-256-3800 


Dallas, Texas-Stephen D. Gillett, 
14114 Dallas Parkway, Suite 240, 75240 214-788-2939 


Tokyo, Japan-German Tajiri 
IMI Corp., Saito Lend Blidg., 13-5, Ginza 3-chome, Chuo-ku, 
Tokyo 104. (03) 3546-2231. TELEX: J23449 (IMI TOKYO) 


London, England-Ric Bessford, 5 High St., Windsor, 
Berks SL4 1LD, 75-383-1238 


Publisher: Donald Christiansen 

Administrative Assistant: Nancy T. Hantman 
Associate Publisher: William R. Saunders (Advertising) 
Administrative Assistant: Carmen Cruz 

Vice President, Publications: J. Thomas Cain 


ADVERTISERS INDEX 


Circle numbers on the Reader Service Card, 
opposite page 31, that correspond to the ad- 
vertisers listed below. * Advertiser in North 
American edition. ** Advertiser in EuroPlus 
edition. 


RS# Advertiser Page # 
40 *Athena Solutions 12F 
12 Computer Associates 5 
1 Data Translation 4 
35 *Design Science 12B 
34 *Edmund Scientific 12B 
41 “Electronics Classified 12D 
32 *Electroswitch 12H 
Hughes Aircraft 2 
2 Hyperception cover 4 
50 *Inspec 281 
37 *Integral Signal Processing 12B 
17 Integrated Systems 34 
22 Intusoft 32 
9,10 Jandel 7 
20 Jandel 8 
38 K7 Associates 6 
15 MacNeal-Schwendler cover 3 
3 Mathsoft 13 
18 Mathsoft 33 
21 Maxwell Laboratories 32 
23 **Momentum Data Systems 14 
19 National Instruments 10 
4-7 Omega 1 
16 Polyhedron Software 6 
14 Prentice Hall 34 
Seabury & Smith Insurance 36-37 
1 Signal Technology cover 2 
13) Sun Microsystems 20-21 
36 Swanson Analysis 14 
31 *3D Visions 12A 
25 UMI 9 
33 *University of Massachusetts 
Video Instructional Program 12F 
*George Washington University 12E 
39 “John Wiley & Sons 12C 








40 


IEEE SPECTRUM OCTOBER 1991 














How EATON turned 
the power on when faced with severe 


ae gsien constraints. 










The power of Lan Electric and magnetic field problems 
MSC/EMAS i : = are no problem for MSC/EMAS. 

speeds the 5 = Electrical engineers use MSC/EMAS to 
design of an oy solve electric and magnetic field problems 


innovative, high 
voltage DC power 
supply switch. 

Eaton Corporation design 
engineers had a tall order: 
develop a minimum 
weight, DC High Voltage 
power supply switch small 
enough for a space station. The technology is 
brand-new and the design time had to be 
significantly reduced from the usual one-to-two 
years down to a few months. 


MSC/EMAS proved to be the high- 
powered solution. 

Eaton built finite element models of electro- 
magnetic power switches. MSC/EMAS then calculated the 


involving linear, nonlinear and anisotropic 
materials. The program lets users analyze 
the entire range of electromagnetic 
behavior. . . from electrostatics and non- 
linear magnetostatics to eddy currents 
and wave propagation. What’s more, 
these varied applications can be 
accurately simulated under one powerful, 
easy-to-use program. 

MSC/EMAS is available on a variety of 
computer platforms, from engineering work- 
stations to supercomputers, and is backed 
by the most comprehensive support, train- 
ing and documentation in the industry. 

No wonder MSC/EMAS is the world’s 
premier software package for electromagnetic analysis. 





magnetic flux distribution of each model under varying Current information on our 
conditions. By altering the concurrent family of products. 
material characteristics, Apply MSC/EMAS to your company’s 
excitations and sizes, toughest electromagnetic field problems. 
Eaton was able to “design” For videos or brochures on MSC/EMAS or 
the model that met its any member of MSC’s complete family of 
parameters. When building computer-aided engineering software, call 
and testing the actual us at (800) 336-4858 or (213) 258-9111. 
switch, Eaton found the We'll help you turn the power on. 
results matched MSC/ 
E vino taney =~ ONMIPLY POWERFUL. 
| within 5%. Using MSC/ © 
EMAS eliminated the PEON ara eke Foy oe oa NOT 


need for repetitive prototyping and testing. As a result, Eaton 
engineers cut normal design time by over 75%. 


MSC and MSC/ are registered service and trademarks of 
The MacNeal-Schwendler Corporation. MSC/EMAS is a 
trademark of MSC. NASTRAN is a registered trademark of 
NASA. MSC/NASTRAN is an enhanced proprietary version 
developed, maintained, supported and marketed by MSC. 


The Perfect “ Complement to MSC/NASTRAN 
Circle No. 15 


The 
~@ MacNeal-Schwendler 
\ ued Corporation 








Designing against the clock? Then try our Block... 


File Mode Run Eunctions Options Help 


display2 + 





Hypersignal-Windows'” Block Diagram 


Advanced Simulation Software under Windows 3.0 


Data Flow Driven @ Compatible with Hypersignal-Workstation 
and other Hypersignal-Windows software 


Multi-Rate Applications including applicagtn: 


decimation, interpolation, etc. 
@ Blocks can make use of DSP plug-in boards 


Open Software Architecture ; 3 
F f for algorithm acceleration 


© New Blocks created Wie eme @ Flexible interface to allow virtually every 


Supports Dynamic Data Exchange algorithm application from classical telecom 
(DDE) interface applications to Digital Image Processing 


For more information, including VHS 
Demo Tape Request Form, contact: 
45 fy Hyperception, Inc. 
=- -—— —— —— = FS 9550 Skillman LB 125 
= - S222. FZ5=5= Dallas, Texas 75243 


phone (214) 343-8525 
fax (214) 343-2457 


International Representatives: 


GERMANY - Electronic Tools, phone: (02102) 841013, TLX 1631 + BTX 02102841013 1 + ,fax: (02102) 841000 * UK, IRELAND - Loughborough Sound Images, 
LTD., phone: (0509) 231843, TLX 341409 LUFBRA G. fax: (0509) 262433 * FINLAND - ITT, phone: (90) 739 100, TLX 121450 Multikomponent, fax: (90) 712 
414 * FRANCE - BORES Signal Processing, phone: CC44 (0483) 740138, fax: (0483) 740136 * DENMARK - Assentoft Electronics, phone: (06) 16 29 26, fax: (86) 
16 20 12 * ISRAEL - IES Ltd., phone: (03) 7510927 * TAIWAN, ROC - EXARTECH International Corp., phone: 5372201~3, fax: (02) 5422689, TLX:26173 


EXARTECH 
Circle No. 2 





